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,FR^FACE 


In preparin'^ this treatise I have attempted, with the help of Mr. Cdadwyii, to 
set ferui and co.mpare the various itenis^ of cost in the different processes of 
steel manufacture of any 'fcornmeicial importance. Its perusal, I hope, will 
stir»;'jlate a closer study of this most essential side of steel manufacture. 

It is generally accepted that where metallurgical and engineering research 
doe* not aim at improving the ([uality and reducing the cost of steel products, 
its business interest to the manufacturer is of little moment. 

Several 'standard works on the metallurgy of steel, to whii.li reference has 
been made in_the following pages, deal in some measure with the cost of steel 
manufachire, but so far as I am aware no previous attempt has been made to 
compare systematically the costs of all the steel-making processes, having in 
'vieWftheir metallurgical and engineering significance. It is my belief, as the 
outcome of several years’ experience in the construction and management of 
moi^ern steel works, that the fa'ts given herein will be welcomed by steel 
manufacture's, managers, engineers, metallurgists, chemists, draughtsmen, and 
all others who are interested in the cffidient ciiuipment and control of steel works. 

Information and data'of practical use to'steel makeis generally are given, 
including — 

1. The analyses and costs of iron ores, pig irons, refractory materials, fluxes, 
ferrO-alloys and fuels, all of which are principally arranged in tabular form for 
eas/ireference. 

2. The coiSiposition of charges for different classes of steel, with particulars 
of the finislting .additions-required. 

^3. Details of the construction, arrangement, and cost of furnaces and plant. 

1^. •Mptho'ds of hsseinbling steel works’ costs and details concerning the value 
of labour and the’costs of Jiving in various industrial countries. 

It js, howpver, particularly desired to emphasise the importance of the study 
of costs in stei;! manufacture to students, of metallurgy. A systematic treatment 
of the subject, not pnly as applied to iron and steel, but to all metals worked 
commercially, might ha introduced as part of the metallurgical course at univer¬ 
sities and other educational institutions. The subject has already received some 
attention in the high schools of Germa|>y and in the U.S.A., and I was pleased to 
Icarffrom Dr. Hamerschlog, while on a recent visit to the Carnegie Technical 
IrlHitute, Pittsburg, H.S.A., that the importance of Oeaching students the, 
money value of iBaterials in the raw and manufactured states, together .with 
their physical and chemical valuds, ij'as being recognised. 
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PREFACl 


\V^lien consideration of the cost of* producing iron ores, pig inon, relractory_ 
material^ fluxes, ferro-alloys, steely, ej:,, is carried on sinnjjtanepusfy with the 
stuily of ^he analyses, qualities, aiid'uses' of tfjese materialsf when the,cqst of 
furnaces and ^heir maintenance*^e*npldd witlf.the facts of their design and" 
op»ratio»; and w^ien questioi'J relating to the vJlue, classification, hours, and 
payment oWahour in-different ^t^el-mjking countries <ire taught in> conjunction 
with thc*meth(fds of inanufactTfre eflijiloyedt the reMt is i?om1d t<S be of great 
practical value V) the student when he ^sses from thg Itfcfure *room to the 
laboratory and the works. 

In the preparation of the prescift volunijtjvakiable’holp has been obtained 
from the works of Hnioldy Bdil, Campbell, Harbord, iVwc^, Steafi", Wedding 
and other gentlemen, to whom reference is made^ the text. « 

I desire, with Mr. Gladwyn, to thank the Council' of the Irhn aild, Steel 
Institute, the Editors of “The Iron and Coal Traded Review,”^'Th.c Iron Age,” 
“The Foundry,” “The Foundry Tiade Journal,” “ Stahl und Eisen,” and ethers 
for the use of illu.strations, etc.; ])r. Cooper, President of the Iron and Steel 
Institute, Mr. Benjamin Talbot, Mr. Twynam, Dr. O. Petersen, Mr. Fk Wide|(ind, 
and many others who have furnished details regarding British, Amjrkan, and 
(jerman steel works practice. 

I wish to record my indebtedness to Sir Robert A. Hadfield, F.R.S., for the 
incentive he gave me, while I was engaged at his works in She[ii5d, to.prosecute 
the study of steel; and to Sir H. Frederick Donaldson, ^.C.B , President of the 
Institution of Mechanical Fingineers, for inspiring the study of the economic? 
value of labour, its classification and standardisation, when solving under him in 
Woolwich Arsenal. 

D.WIL* CAKNEGIE. 

London, 

April, 1913. 


PRErACR TO SECOND EDIT!0^ 


With the excejition of an additional Chapter on th5 “ Devtlojiment oT Electric 
Steel MaViiifacture in Canada,” no changes have been made to the^rst F.dition. 
It was intended to make several impo;tant additions, but war i^ork has mafltf 
this impossible. 

It is most gratifying to Mr. Gladwyn and myself to know that “ Liquid 
Steel ” ha.s found its way to so many continents, and thSt in progressive Japan 
it has had a large sale. 

DAVID CARNEG^^. 

Ottawa, Canada, ^ 

January, 1918. 
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CHAl’TKR I 

IXTRODI'CIJON 

• 

TiiEiises of steel are so mmicrous that the demainl for tliis material for railroads, 
steamships, Jjrklges, and structural work of all knrds has increased with ama/ing 
rapidity dilring recent years. Steel is gradually replacing cast iron in all branches 
of engineering. In almost every scheme with which the engineer has to deal, 
rolled, cast or forged steel, in one form or another, is re(]nired. 'J'lie large 
incrcasa in*the demand has called for the development of old processes and the 
establishment of new ones, in which iron ores, (oimerly considered too impure 
for usa m steel manufacture, are now being utilised with satisfactory results. 
This has led to an increase in the number of work% inoduciiig steel in Jiritain, 
I but more particularly on the contiiwnls of liurope/hd America, and in other 
countries wherp it has been found practicable and" commercially economical to 
use local ores. • • 

The following particulars' give some ide% of the development of steel 
manufacture during the yems mentioned . — 


tauTrUT OF INI.OIS l\ THE WoKl.n, 1880-1910. 



Vc.U-l88n 

1813O 

. 

lyio 

United States Anieiica. . .• 

, 1 , 175 . 1*9 

4,202,10'^ 

10,082,94^ 

25,917,281 

(icrmany. 

760,000 

2,161,817 

6,510,215 

• 13,1.5,437 

Unit(^l Kingdom. . ^ . 

1,205, 

3,579,043 

4,901,058 

6,010,684 

France • . . , 

• 38.1,61:6 

6SeS,g9i 

I, 565,104 

3.361,5.7 

Russia.• . 

307,305 

372,625 

2,186, 399 

3,2^9,616 

Austria*Hungar)* . 

134,21s 

499.Ooo 

1,145,654 

2, 136,20] 

Rel^jium*. 

i.! 2 ,o 52 

236,226 

654,827 , 

1,892,160 

Canada . . . •. 



23,954 

803,600 

'.‘“'y.■ 


157,899 

11 s,8S7 

635.000 

Sweden. 

30,013 

I00,02<> 

298,48] 

468,600 

Spain.•. 

— 

— 

150.734 

219,500 

Other countries. 

• 


400,000 

315, fXX) 

Total , . 

4,218,715 ^ 

12,058^30 

28,035,280 

56,3.4.598 


Competition.— 'lire establishment of steel works in different countries tias 
led to serious iivalry and competition between the manufacturing nations. 

' Presklenlial Address “Journ.al Iron and Steel Institute,” I912, I,*pp. 48 and 4^ 
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Whefe sources of ores have been found and steei iimiiuiiiLi.iiicu lu tuuumas 
whoje all its requirements for steel hacV been previously supplied from the older 
established steel-making centre^, of industry, ol|ie supply ffbm the latter has 
necessarily decreased, or the prices hate been feduced to meet the competition 
arising from the new source of (Supply. In any case, as a result of the increased 
supply, selling prices have been reduced,to "maintajn trade, necessitating con¬ 
siderable economies in labour/n.w,m‘atej:ia)s, fuel, .power, etc.^'in all,the processes 
of manufacture.' . ' , » 

Modern Plant.;—In some of the old-established stes! wofks in En,gland,’a 
complete reorganisation has been carried out? and modern [ilant kilroduced, in 
order to meet German and IJclgiun, compel,ition in our own markets. Much, 
of couise, has been written a'liOut the imposition of tariffs,'with tlffc object of 
checking the surplus supplies of steel from the Continent at prices below which 
we cannot manufacture with a profit at home, but it is somewhat doubtful whether 
tariffs would prove to be entirely effective. Eronvour experiejicp of Conrtnental 
and American steel works practice, we are convinced that works and plant refoim 
will be largely effective in meeting all foreign competition. • 

Cost of Steel Making.—Modern plant is not the only requirement in pro¬ 
ducing steel cheaply; the cost of labour, raw materials, fuel, power, freight^ etc., 
vary considerably in the different countries, and influence the final qpst of steel. 
The natural resources, also, of one country differ from those ofotllfers, giving 
certain advantages over the less fortunate countries. Considering, however, the 
costs as a whole, it is generally found that where the processes employed are the 
same, the final cost of production varies only slightly in 'different epuntries. 
What does materially influence the cost of steel produced is the employment of 
that process which is most suited for the classes of raw material and fu^ avail¬ 
able for the manufacture of (‘he product required. For instance, the use of the 
immense native phosphoric ore deposits of fjcimany was only made possible by 
the introduction of the Basic process. , 

With the object of comparing the v«lues of the various kifbwn processes, we 
have set forth briefly the meritscof each in the succeeding chapters, together with 
the details of costs of plant, working costs of manufacture, and methods of 
assembling costs. * . 

The following considerations have been kept in view in comparing similar 
processes:— • 

^ I. All items of cost of manufacture are included up to that stage where the 
liquid steel is ready for use. 

2 . The steels produced in similar processes confoiin to the same standard of 

tests, Unless otherwise stated. .* 

3. The feme outputs are taken during like periods. , 

4. The cost of raw materials, fuel, power, labour, elc.,,for like pfoc#sses are 

, taken at the same market values. • , 

There are, of course, other items of cost which are included ift the complete 
summary of costs, some of which vary according to the plant jlsed, local eon- 
ditions, and the methods of management adopted. , 

Processes of Manufacture.—While many types of fuiifitces are used in steel 
manufacture, the processes are limited to the following^:— 

1. Crucible. 

2. Bessemer. 

3. Open Hearth. 

4. Electric. ‘ 

e The scope and usefulness of the furnaces in each process are limited in some 
measure b^ the weight, quality, and rate of output of the product. 

1. Crucible Process.—Crucible furnac*es are usedsis a rule for the manufacture 
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df all classes of tool steel, and for light castings of higher quality than are obtained 
from the other prq^sses, except? perhaps in the electric furnace, where the qifelity 
of the output can be regulated according tenth* purity of the materims melted. 
The output is necessarily comparatively small, as tl^ average capacity of crucibles 
is from 6'o to loo Itts. each, and tW castings mad^ from the steel var^ fr^im a few 
ounces in weight to 50 or »bo*lbs. Usually the iijgots of tool steel are,of such 
weight as is giwen*!^ the coflfents of’c.lch crucibll. There are^ instances, how¬ 
ever, where tkis pfixess is eniployetf for malting large ingots of steel for ordnance 
work. A few years agft we jvifnes^ed, at the works of Messft. Kriipp, of Essen, 
the casting pf an 80-ton ingot from steel melteH in crucibles. Several hundreds 
of crucible^of steej were melteS aVthe same tipi^, the contents of which were 
poured in quick successton into the ingot mould. This is, perhaps, an c.xceptional 
instance of the use of the crucible process for such a heavy class of work. 
Neverlheless, it is a daily practice at the works of the Crucible Steel Co. of 
America, to mAe*high-grade*steel ingots for projectiles and other work, each 
weighing about 1500 lbs., from crucible furnaces melting steel in loo-lb. 
crucibles. • 

These instances show that although the scope of the process is limited, it is 
used in some works for the manufacture of steel ordinarily produced in furnaces 
whose cauptities admit of handling largci (|uantities more easily. 

IJiffercnt Torms of furnaces are illustrated, in which are used : various fuels, 
such as coal, coke, oil, coal gas and natural gas, with natural and forced 
draughts; frucilTles of different shapes and qualities; and various linings. In 
the nuiilerous designs, however, there has been no important departure from the 
principle underlying the process originally carried out by llciijainin Huntsman 
at Sheffield, which is essentially one of melting, although slight chemical changes 
take place in the materials during the operation, 

lit Part I, where this process 1? described, the costs given are taken from 
furnaces actually jj .1 work, and are fairl| representative of modern practice at 
home and abroad. 

2. Bessemer Process. —In Pan II we diseftss the merits of the licssemer 
Process. Thi« process stands »ut quite distinctly from the Crucible, Open- 
hearth and Islectric Processes. The great importance of the revolution liessemer 
made^ in the manufacture of steel can be appreciated when a conqiarisoii is made 
between the outputs and costs of steel produced before its introduction and those 
recorded for the different steel-making countries now. The principle of the 
process is well known, but is none the less wonderful as an important and far- 
reaching discovery. , • 

Many types and sizes of converters are used, having capacities j-anging from 
a few cwts. to several tons. 

Th^sitte-blown type of ednverter, known by different names, is used princi¬ 
pally for charges nof exceeding 3 tons of steel, and in this size it is fdund to 
be^ in .most aouiitriesj very suitable and economical for steel,foundry use. 
Sometimes one,*two, or more converters are arranged side by side in one foundry, 
and by the use of Uiem together, castings well over :o tons in weight can be 
produced. , 

Converters of the bottom-blown type, having small capacities from 2 tons 
upwards, are also used in steel foundries, but they do not appear to be so popular 
as the side-blown converters. • , 

Ilf large steel works producing steel ingots for rails, strgctural materials, etc., 
the side-blown convepteK are not used. Bottom-blown converters with capacities 
up to 35 tons,’ or else some form of open-hearth furnace, find most fajvour.* The 
various types oT converters and* thoir uses, together with the costs of steel 
■ “Journal Iron and Steel Institute,” 1912, I, p. 44. 
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manufactured in them, are described ;ind compared with the other processes 
doii% the ^ame kind of work. Several typical tirrangementi'^of works in which 
Bessemer stee' plants are used,.are described atjU illustrated. 

, 3 . Open-hearth Process.-i-We include in Part III, under this heading, all 
forms or open-hearth furnacfes, ahso gas-producers, mixei's, furnace-icharging 
machines, and other appliances ^used. in connection''with the^furnaces. It will 
be observed that many modi'fications hfve been Made in tjie design of open- 
hearth furnaces since first introduced by Sir William Siemens and his brother 
Frederick. There kre fixed and movable furnace's of numerous types and sizes 
used in different works. Their use in steel foundries is not, perhaps,, so common 
in some countries as that of the side-blov n Bessemer, plants, although open- 
hearth fur, aces with capacities varying from a few cvdts. up to 25 tons are 
employed with satisfactory results. 

Open-heaith furnaces of the fixed type are not usually made above rqo tons 
in capacity, but tilting furnaces of the Campbell of’Wellnian type are made for 
use of steel manufacture by the Talbot process up to 250 tons ca[)acity.'I'he 
various types of furnaces are described, and tbcii uses discussed and compared 
with each other and with Bessemer furnaces. Details of the costs of producing 
steel from the different types of furnaces are given. The values of acid and 
basic linings are also considered. 

The duplex processes, in which the Bessemer converter and the open-hearth 
furnace are used jointly, and also in which open-hearth furnaces are used together 
with electric furnaces, are also described. ‘ . 

The arrangements of O.H. furnaces and the accompanying equipment of 
steelworks in relation to the blast furnaces and mixers, from which the supply of 
hot metal is obtained, together with details of casting shops, are described and 
illustrated. s '' 

4 . Electric Process.—I?i Part FV the various ty|)es of furnaces described 
show what has been done and what is being done in steel malting" by tbe use of 
electricity. Many experimentalists are carrying out researches uith the object 
of producing steel more econofnically and of better quality with the electric 
furnace than by any other steel process. W'o do not sec why tiie use of this 
furnace should not be extended, but it is a fact that even with chcaj) power in 
the U.S and Canada, other types of furnaces are preferred. Many important 
firms have installed electric furnaces and are obtaining satisfactory results from 
them. From the details of costs we have given it will be seen that the furnace 
has an important place in the manufacture of steel such as is now being produced 
in the crucible p-ocess. , r 

The furi\aces are classed under the following divisions:— 

1. Arc Furnaces. 

2. Induction Furnaces. 

3. Arc Resistance F'urnaces. 

4. Combj/ied z\rc and Resistance Furnaces. 

5. Resistance Furnaces. 

These various types are described and compared, andefhe working costs of 
those actually in operation, together with the costs of steel [iroduced, are given. 

Raw Materials. —The iron ores, fluxes, fuels and manufactured raw materials 
for use in steel making to which we have referred, are not by any means dealt with 
in an exhaustive manner, our principal bbject being to bring out the commercial 
values of the materials used in the processes described rather than their chtmical 
aqd physical values, which are found in standard works^on Metallurgy. As, 
however, the chemical and physical values have an important bearing on the 
cost of the materials, the analyses and conipo^tion o( the charges have, as a rule, 
been -given, as well as the costs. 



INTRODUCTION 


5 


. The analyses of the materials and ronipositions of the charges should be 
regarded as typioal only. Namerous variations in these respects are Aade 
according to the kind of proceiijof stepl niaiiuSac^ure employed aiyd the cheapest 
and most suitable materials avaifable. The priceti we have given are subject to 
variatiorr, but can be taken as cofry'arative and ."Mfrage standard prices.* 

Labour.—As the cost 9f ttbour i.s an Jniportijnt item in steel manyfactiire, 
we have attemptctl,to compare the cost,of laboTir’Snd living in th! leading steel 
riianufacturitig codiftries of the worM. * Thb statistics given have been obtained 
during personal .visits* to the* countries in question, ard from other reliable 
sources of information toVliich references are’madc in the te.xt. 



CriAPTE?. II 

® « * 

MATERIALS USED IN STEEL MANUFACTURE 

.Most of the materials described in the following sections are employed, in some 
form, in all the processes of steel manufacture. The principal sources an^ out 
standing characteristics of the raw and manufactured materials used are brieflj 
described in the following sections, which include :— 

1. Ores. 

2. Pig Iron. 

3. Refractory Materials. 

4. Fluxes. 

5. Fuels. 

6. Ferro-Alloys. 

In Section V on Fuels, reference is made to methods of generating electric 
power and also to its use antj commercial value in steel manufacture. 


SECllION I 

IRON ORKS 

< 

Few processes of steel manufacture convert the ores direct *into steel, the 
usual stages being— 

I. From ore to pig iron. 

, 2. F’rom pig iron to bars (by puddling and rolling), for use principally in the 

crucible process. 

3. F'rom pig-iron to steel, cither by the Bessemer or one of the open-hearth 

furnace processes. .' 

4. From'^pig iron to steel by partial conversion in the Bessemer converter 

and finishing in the open-hearth or electria furnaqp. „ 

5. From pig iron to steel by partial conversion in th* open-bearth furnace 

and finishing in the electric furnace. * 

In the fofegoing methods, steel scrap previously made from j^ig iron is used 
again in various proportions in the different furnaces for reiMlting. Also certain 
proportions of ores are used in the open-hearth processes Tor the oxidation of 
impurities. * 

Deposits of Iron Ore.—The deposits of VDres are very numerous and vary 
considerably in character and extent. 1. The increasing demands for iron and 
steel have encouraged explorations, the records of which show that the irpn ore 
resources of the world are almost inexhaustible. We give below the following 
sullititary of the world’s iron ore reserves as given in one of the papers* 
presented at the Eleventh Annual Internajional Geological Congress, Stockholm, 

® Iron Ore Resources of the World.” Stockholm, 1910. 
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tgio. The figures in the column headjd “Potential Reserves" include low- 
grade deposits, et(^» The colunms headed Iron ” give the amounts of metallic 
iron in the ores. 


TAIILE, I 

SummarV World’s »)11e JttSERVRs (in million nitric tons) 


Co#iIn«tit. 


Kurope 
A mcAca 
Australia 


A.Mi ♦ 

Afiica 



Actual Reserve^. 

- • 


Ore. ** 

1 Irtiut • 

12,032 

4,733 

• 9.^55 

5,154 

139 

74 

260 j 

156 

• ms 

75 


Poloiili.il Reserves. 


Ore. 

j ItUll. 

41,029 

12,029 

81,822 

40.73* 

69 

37 

457 

283 

Miu !i 

Much 


Analyjae of Iron Ores.—Oxide of iron form.s the chief con.stituent of iron 
ores which ate of any commercial value for iron or steel manufacture. Iron 
ores are always associated with other minerals when found in the eaitli. The 
yield of ircyi frofti ores differs considerably. In the following table, in which are 
given artalyses of tRe principal iron ores, the percentages of metallic iion obtained 
from the ores are also given. It will bo observed that the yield of iron vaties 
fiom per cent, to 66'6 per cent, in the oies tabulated. The ores richest in 
iron are the hematites and magnetites, but cvenVith these there are poor 
qualities, as will be noticed in coinifiiing the analy'^ closely. 

The purity of^n iron ore depends upon its fiecdom from sulphur and phos¬ 
phorus. The presence of either of thesd elements in excess of o'oa per cent, to 
o'o3 per cent., is considered injurious in ciuciblfc*stcels used for high-speed tools, 
hence the use»of pure ores sucN as are given in the table under item No. 4, 
which is the analysis of the much-used ore fiom the mines of Dannemora in 
Sweden, used chielly for the highest qualities of tool steel. 

TIio presence of phosphorus and sulphur in higher percentages, i.e. from o’op 
per cent, to o'o8 per cent., in .steels such as are used for steel castings, structufal 
steelwork, rails, plates, and the like, is not so injurious, and hence the use of iron 
ores in which mote phosphorus and sulphur are found. Recoijijsc is only made 
to the use of impure ores because of the prohibitive cost and limited supply of 
the purer ores. . 

Sintft the introduction of'the basic linings in the various steel furnaces, the 
removal of phesphofiis from the ores has become an acconqilished fact, but 
before Uiat tinye many.ores, although otherwise valuable, could not be used for 
steel manufactijfre. The removal of sulphur is not so easily accoRiplished, and 
it is only eliminateckj'rom the iron in a slight degree in some of the processes. 
Research is still required^for the purpose of finding some simple and economical 
method of removing the sulphur from the ores and preventing its return to the 
steel from the fuel used during mahufacture. 

Cost of Iron Ores.—The commercial value of an iron ore does not depend 
only upon the yield of me^llic iron obtained from it, nor upon its freedom from 
injurious elements, but tUso on the cost of labour and materials required to hew 
the ore from the earth, on its transit to the furnace, and on the fuel, flute, Jhd 
labour required *in smelting. Setme »iron ore deposits are situated at such a 
distance from iron and steel manufacturing centres that it would cost mpre to 








TABLE II 

Percentage Analyses of the Principal Iron Ores 
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Analyses by : I, Riley; 2, Drn Noad ; 5 and 6, Dick ; 7 and 8, Dick ; 9, Kars-ten ; 10, Spiller ; 11, Dick ; 12, Spiller ; 13, Colquhoun ; 14, Price and 
Nicholson ; 15, Dick ; 16, Tookey; 17, Schenck ; 18, Senft ; 19 and 20, Bell; 23, Dagerfors Iron Works Laboratory ; 24 and 2^, Oestetreicbische 
Alpine Montan-Gesellschaft (Baucrman). 
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manuSurerr “r 

.il'n T""'’ to .erect, bias; furnaces and steel ivorks'close 

min^^r. ^ V ‘o furnaces Ts rcduced1^^ 

In his book on the ‘ytlanufa'clure of Iron and Steel,” Sir I. liowthian Bell 
deals exhaustivay with tlja various items oP' cost involved in-thc fiewine of 
different cl,sses.*f ores from tl^ ?artl^ and with the labour and Siids 
'■‘^‘?“'7‘^/°iP''°f“ce*metallio iron from the ores. He states' that the average 

1873* 1877 

5'°5 tons ^'25 tons 

useerwas"- ‘he powder and oil 

When the selling) _ 

plice of iron was! ->^5 3 '-O'f-perton ,^2 31. i.W perton jr. 4^/. per ton 
Nett wages per shift js. 4s. loy. 5,,. 

r f prices of Cleveland ironstone per ton of 20 cwts de¬ 

livered at Middlesbrough as a central point during the following years, were— 

‘ "873 1877 1879 1883 

7r- 5v. 4v. 4 ,/, 

mid as it is found that 65 to 68 cwts. of CIevela<id ironstone as received from 
he mines are required to produce i ton of pig ./.on, the cost of iron ore per 
ton of pig iron in 1883 was from i6y. 3//. to 17,1-. 

The prices <H ores vary very much at both'the mines and the furnaces in 
d fferent parts of the world. The hardness of the ores ,n some mines permits 
of only about t ton per man jier day being mined, as against 5 tons or more in 
^her mines. Ihe cost at the lurnace is also influenced by the cost of frei^^ht. 
for'^-Sti^'^r ^ Ofcs delivered at the furnaces ready 


TMU.K III 

r Pru Ks f)i'- Iron Okk, 1910 


/ Old rnii'^e 

Lake Superior • ' ■ 

^ j 01(1^ range . . 

( Mesiifoi . . , 

Host Bilbao Rubio (at EngVsh I’mi) 

( at Wcsipiiaha , 
at the Rhine . . . 

at English N.E. Ports 
I at Westphalia 
\ at the Rhine . 


Swedish Ore ■ 
Minctte Ore’ 


1 I^es^eiiicr. 

Noii-Iles'.tnier 

20/10 


J 9 /y-j 

— 

— 

17/6 

1 6/S 

- 

22/6 

f >K / 

— 

> 9 / 

17/4 

-- 

22/- lo 25/- 

— 

'■ 9/3 


9 / 3 l 


Yield of 
Iron. i 


55/0 

55 % 

515% 
515% 
50% 
66 % 
66 % 
60% 
34 ' 24 % 

34-24% 


2/1 tf) 4/2 
extra aeu>r<ling 
lo situ.iiion of 
furnace. 


Bell, “Manufacture of Iron and Steel,” p. €47. 
“Mineral Industry,I910, p. 416. 

“ Iron and Coal Trades Review,” vol. 81, p. 367, 
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Uses of Iron Ores. —Most of the iron ores used in steel manufacture are con--' 
vertefi first,into pig iron; only a very snwll proportion of t^ ores is used for 
the direct manufacture of steel oifd for oxidising'purposes in the opemhearth 
processes ^ ‘ 

In igio^the total amount of pig iron produced throughout the world was 
65,860,34° metric tons ;' the a!iaj-e taken in the worlds produi^tion by the three 
important steel-pfoducing countries baingjis'folloiis*:— 

United Slates.•. 40-4 % 

Germany . . ... . . . .* ^2-4 % 

United Kingdom ? , , . i5'8 % 


SECTION II 

PIG IRON 

4 * 

lire following table gives the amount of ore u.sed by the three leading 
countries, and the (luanlities of pig non and acid and basic steel produced during 
1910;— • ° 

TABLE IV 


Our, Pig Iron and SrEF.i. Output during 1910, 


__ 1 

Iron ore 
'ions. 

Pig iron. 
'Pons. 

Steel produced. 
Toni. 

United St.ites*.^ . 

Germany ^. . . 

Great Britain ‘. 

« 

4 

5T, 267,397 
28,231,000 
* I‘l>979.979 
(1909) 

27,636,687^ , 

M.793-32i' 

10,380,212* 

• 

26,094,919 

13,482,199 

1 6,010,684 


The annual rate of the world’s output of pig iron and steel during the first 
ten years of the twentieth century increased each year until in 1910 it .was 
nearly double that of the output of 1901. It is interesting to note that some 
couhtries have developed the manufacture of steel much more rapidly than 
others. The most serious outlook is the decline of our own country’s progress. 
In his admirable vfork on the “ Manufacture of Iron andiiteel,” pShlished in 1882, 
Sir I. Lowthi»n Bell writes :“ “In an industrial point of view Great Britain 
founded its greatness as an iron-making centre, such as it was in the first tlfree 
decades of the present century, on the least valuable of its'pres. Th& furnaces 
of Wales and Staffordshire for many years were supplied almost exWusively from 
nodules, and fsom thin bands of clay ironstones, obtained from the'shales'of tbe 
coal-measures.” If Sir I. Lowthian Bell were alive to-day he wduld doubtless 
trace our nation’s greatness to its continued use of the oret* of this and other 
countries, but he would be obliged to admit that the indwstrial supremacy which 
Great Britain enjoyed in the decades to which Jie referred, could no longer be 
claimed by this country. From Table V. it will be observed that the U.S.A. 
leads the world’s output, Germany following closely, while Great Britain stands 
still. 

' “Mineral Industry/’ 1910, p. 381. 

**and * “Mineral Industry,” 1910, pp. 3, <, 381. 

* and * “ Iron and Coal Trades Revieev/' v’ol. 82, 580, 775,*836. 

* Bell, “ Manufacture of Iron and Steel,” p. 646. 
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II 


T^ni.E.V. 

^Yorld's Production of Pig lug]} and Steei,’ 


(jti n?ctric tons. I ^on = 2^4 lbs.) 

« « _ * « 





• 


« 


• 

• 

Pit Iron. 

• 



Steel. 

• 



• 






• 

1901. 


1 191^. 

190T. 

1976. 

jyio. 

* 

• 



1 * 



Austria and ) 
Hungary / ' 

i 1,300,000, 

1,403,500- 

2,010,000 ! 

1,142,500 

1,195,000 

*,154,832 

J^elgiiyn . 

765,420 

1,431,160 

1,803,500 

’ 526,670 

1,185,660 

1,449,500 

Canada . . .• 

• 248,896 

• 550,618 

752.053 

*6,501 

513.200 

835,487 

France . . . 

2,388,823 

3.319,032 

' 4.032,459 

1,425.35* 

2,371,377 

3,506,497 

(icn^any 

7.785,867 

12,^78,067 

1-1,793,325 

6,394,222 

11,135,085 

13,698,638 

Italy. . 

2S,000 

30,450 

215,000 

121,300 

109,000 

6t';,ooo 

Russia . 

2,869,306 

2,350,000 

2,740,0(X) 

2,230,000 

! 1,76^,000 

2.350.000 

Spai» ... 

294,118 

528,375 

387.500 

367,000 

122,954 

251,600 

219,500 

Sweden . » • i 

552,250 

604,300 ! 

269,897 

351,900 

468,600 

United Kiffgdi^ 

7,977,459 

10,311,778 

10,380,212 

5,096,301 

61565,670 

6,106,856 

United States . 

16,132,408 

25,706,882 

27,636,687 

13.689,173 

23,772,506 

26,512,437 

countries^' 

• 

. 635,000 

• 

650,000; 

525,000 

405,000 

420,000 

315,000 

Totals . . . 

40,950,692 

59,074,861 ! 

65,860,260 

1 

31,449.869 

--- 

49.635*99^^ 

1 

58,252,234 


11 F 

Analyses of Pig Iron. —Pig iron aimlyses are almost as numerous “ as the 
iron ores from \s 4 iich they are made, but generally for purposes of steel manu¬ 
facture they can be divided into seven groups 

1. Pig iro#s known mostly at Forge pigs. 

2, „ for Bessemer Basic steel manufacture. 

3* o ij M Acid ,, ,, 

4. „ „ Open-hearth I’.tsic steel manufacture. 

5* >i 1 ) ” II Acid ,, ,, 

6. „ „ F.lectric process of „ „ 

7. „ •„ l)i^%x processes of ,, „ 

JUnder each of these groups many subdivisions can be made, Ach manufac¬ 
turer producing several kind« of pig iron known by special brand names, which 
indicate to the. users-a degree of purity adapted for the different classes, of steel 
required. * 

• Betow we’give the following tables of analyses in the order •named above, 
instead of grouping^all the pig irons in one tabic. 

* “ Mineral Industry,” itjio, pp. 381, 382. 

‘ N. Lilienberg gives analyses of i j j br.rnds of American pig iron.s in “ Bihang till jernkon- 
lorcts Annaler,” 1903, pp. 202-206. 
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f. 'TAIiLK-tVI I' 


1. Piji^'lfon from which bar ironui. wrought iron produced, cithei by means of puddling 
or other proca;s, and afterward-^ rolled into bars fof use in the ^ucible process. 


No I 

Locality. 

Carbon 

% 

Silicon 

% 

1 

Manpanes^ 

% ' 

1 

Pho'5^horus 

. Sulphur 

1 

Copper 

Ar<i«nic 

■ % 

1 

I 

^ Styrian .... 

3-5-4'2 

1 • 

0*11-0*24 

o;8 -'2*4* 

lo'03 0*07 

0*02 

« 1 

0*00^ 

_ 

2 

Dannemora (Swedish) 

4-5 ' 

* o*o8 

177 

1 O'OlS. i 

0*015 

0*015 

0-035 

3 

Goldsmcdhutte . . 

' 4’0 ! 

073 

.011 

1 0*051 

— 

— 

— 

4 

j iToni litiberg ore . 

3 57 

0*25 

1'37 

; 0*04 1 

' 1 

0*04 


, 


1. “ Proceedings Institute of Civil Engineers,” vol. exxu, p 470. 

2 .mil 3. “Journal Iron and Steel Institute,” I 905 » Hi P- bSo. 

4. “Journal Iron and Steel Instiliile,” 1907, III, p. 35* 


TAliLK VH 

2 Basic llKSbEMER Pic Iron 


2 

3 

4 

5 

6 

7 

8 
9 

10 

If 

12 

>3 

H 

15 

16 
*7 


Locality. 

' Carbnii 

Silicon 

Maiii'.vncsu 

i'iio'-plioriis 

Suipluir 

7o 

% 

% 

% 

Yorkshire. 

V 

0 56 

1 

i'4 

275 

0 oOS 


2 5 

I 10 

I 5 

27^ 

0*06 

N. Wales .... 

■ 

0 6 

2 0 

2 0 

0*07 

Staffordshire . 


ro 

23 

3'3 

0*05 

Kast Co.ist 

3 > 

I 0 

I 2 . 

1*8 

0*05 


0 55 

*'2-25 

2*7 c 

005 

” ” ] . . 

_ 

0*5 to ro 

1*5 to 2 0 

1*8 to 3 0 

0 06 to o*o8 

!! . 

— 

1-5 to 3*0 

0 5 to 0 75 

1-45 to 1-55 

0*04 to o‘o6 

Uierman— 


0*75 

I'S 

2*0 


( Luxemburg 


0 1 to 0*8 

I I <) 

I 0 to I 5 
0*63 

1 5 to 2*5 

1*86 

0 13 to 0*6 
0*05 

1 Lorraine 

_ 

i y 

I 3- 

0 61 

175 

o‘o8 



0 42 

1*18 

2'47„ 

0*13 

x f- 


0 54 

ro 

1-95 

0 23 

lAustria-— 


0 11 

116 

3’46 

0 09 

7 Wukowitz . . . 


0 62 

1-38 

20 

CoS'- 

i| 

i 

079 


<0’9 

» * — 

{ t 




- 

. - - 


*7 and 8. “Journal Iron and Steel Institute,” 1907, I, p. 106. 
9-17. Wedding, “ Basic Process,” p. 92. ^ 


Steel makers usually mix one or two brands tog^her when making up a 
charge, according to the quality of steel required. 
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TABLg Vllf • 

3. HE'jSEMEK PlG*ft<ON 


No. 

• 

• • 

LocalitJI % 

ta'rKo., 

% 

/o 

• \ 

M.ine iiie.^ir 

l^hoiphor|l^ 

• "‘a- 

Sulptiur 

% 


_^ • 

• 






ScoteW .... 

► • 

5 5 lo 3 A 

* 08 

0 0 [ 

0-03 

2 

3 

Fast tloast . •. 

J 15 

4 0 

3 'o 

2 8 

• 1063 

0-039 

0‘04 

0*025 

0025 

4 


410 

25 

— 

o'05 

003 

5 

„ ... 

AVest Coast . 

3 'S 

3 'o 

1-32 

0*04 

0 03 

0 

,y 93 

I'o to 3-0 

o‘5 to 0 8 

0-03 

'I racc to 0*03 

7 

>» »> ... 

ll 

30 

0 7 

o'oj to o’oi 

0*01 

8 

S. Wale, .... 

i -<‘7 

2-5 


o’o6 

0 03 

9 • 

German .... 

yiP 

2 52 

39 

0 07 

003 

10 

American (Chateau- 

-- 

2 5 


0 025 

0015 


cay) 




11 • 

American 

3-8 to 4'5 

1 8 to 3 0 

0 5 to 2 0 

0 06 max. 

o'os max. 

12 

Swedish .... 

• 

4 0 to 4‘5 

1 

I 5 (0 4 

o-oj 

0-03 


9. “ Joiirnal*lfon and Steel InMitute,” 190S, I, p. 322. 

10. ^Pil+iiig & Cr^nne. New York. 

11. k'rom paper rea<l by Mr. Sunonsoii, General Manager of the Tropenas Converter Co., 
at a meeting of tlie Philadelphia FoiunIryinen’s Association, Jan. 6th, 1909. 

12. Akerman, “American of Mining Kngincers,” vol. xxx, p. 268. 


TAHM': IX 

4.1 Basic Oi-KN-iiEAk 1 m Pig Iron 


No. 

Locality. 


Lincolnshire . 

2 

Yorkslnre. 

3 

East Coast *. 

4 

„ ,, ... 

5 * 

N. Walci . 

b 

« ,« ...... 

7 

U.S.A. .... 

8 

U.S.A. • * (i'albot 

, 

• Furnaor) 

9 

Belgium P . . . 


C.ul>on 

i Sjlj. oil 

1 

PllO^pllUllIS 

•Siil^ihiir 

% 

/O 


% 


1 1 

075 1 

1*5 to 2 0 

I'S to 2*0 

0-07 

2-5 

0757 

roS 

263 

0 042 

— 

075 

‘■5 

1-5 •• 

007 

yi 

! I 0 

r2 

-t 

005 

371 

0-9 

2*98 

2-78 

0035 

•— I 

0 7 

2-5 

2*0 

; oc6 

3'5 '« 4 0 

0*5 to ro 

0*0 to 0*5 

1 0‘5 to l-o ; 

00^(0 0*1 

37 i 

ro 1 

0*4 

■ 09 

0 06 

3-0 

0'2 1 

•'5 

2*2 

0*04 


2. “Colliery Cuardiun,” vol. h, p. 103. 

7 and 8. “Iron Age,” vol. Ixx, Aug. 7th, p. 21. 

9. “Journal of West of Scotland Iron and Steel Institute, ' vol. vil. 
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LIQUID. STEEL 


TABl.E X 

5. Acid O^rKN-HEAitni Pip Iron 

These pig Irons differ very fittle froln the atid Bessemer pig irons, and ari 
usefl witlAhigh and low conteiiteof silicon, accolding to the amount of mild steel 
scrap used. ’■ ' * 


No. 

« 

Locality. 

e 

Carbon 

% 

JiUcor? 

% 

- 

' Manganese 
% 

1 

Pho^j/iorus 

. % . 

< Sulphur 

0/ 

Jo 

, 

Scotch .... 

3-5 

2*5 to 3 0 

tt> 08 

0'04 to 0 05 

• 

0-02 to 0-03 


West Co.asl . . 

3-67 * 

I 0(030 

0*5 to 0 8 

. 0-03 

I'facc to 0 03 

3 

i> *1 ... 

3 -t>S 

2-5 

07 

0 04 

0-02 

4 

Hast Coast . 

4 'o 

2-5 

ro 

004 

0-02 

5 

S. Wales .... 

3-3 

21 

I *5 

0-045 


6 

U..S,A. (Chatcaugay) 

3'0i 

2'0 

o' 5 * 

0 o6» ^ 

o'os 

7 


2 0 to 2’5 


0-02 to O'Oj 

0*013 0*017 

i 


TAltl.K XI 

6. Various Pio Irons for Ei kctric Prockss 


1 

No. 

I^oralily. 

Laibon 

1 1 

Silicon j 

M.iiicanese 

% 

IMmsphorus 

Sulplitir 

« 

Copper 

% 

Aismic 

% 

I 

1 lorrang pig iron . 


O'M 

0 025 

O-OOQ 

O'OI 



2 , 

Dannemora pig iron . 

4 5 

0 08 j 

177 

0018 

' 0 015 

O'OK 

o'o35 

3 

Coldsmedhutlc . 

4-0 

0 73 1 

1 

011 1 

0051 



_ 


1. “ Trdns.xrtions of ihe Aiiieiican Electioclieiiucal Society,” vol. xv, p. j8o. 

2 and 3. “ Ocblerrcicliibclie Zcilschnfl fur Bcig- und lIiITlcrwcscn,” y>l. 111, 447. 


♦ TABLI- XII 


7. Pk; Iron used in the Oi-ln-ukak 1 ji IfiOLTEN Meial PkoC'essks 
(Duplex, pig and ore, an<l continiuui's piocesses.) 


No. 

« . 

Process. 

Carbon , 
% 

Silicon 

% 

Maiie.mcse j 

I’llllAplu.!! us 

Sulphur 

% 

I 

Bessemer an^ open- 
hearth “ Wjtko- 
wiiz,” P878 

37 

1-2 

1 

27 

0-2 ♦ 

0*02 

1 

2 

Daelcn • Pschoika 
process 

3'5 

I'S 

2-2 , 

C 

t ^ 

3 

Oj^n-hcarih Bertrand 
Thiel 

375 

0654 

2-4 

242 • 

1 ^ 

1 0-076 

4 

Moncdl pit>cess . 

3 ' 9 - 4 ' 

o-s-o -9 

0 8-0 9 

0-5 o-S , 

0-04-0-09 * 

5 

Surzycki .... 

; up to fO 

0 8-1-9 

0 6 r5 

o'5 08 

002 0 10 

6 

Tal hot j)roces'', U. S. A. ‘ 

4-0 

1-0-1-25 

0-65 

( 4 ? 

o*o6 

7 

'I'albot process, Frod- 
inghani 


o* 75 -i- 25 ^ 

1 

2-0 

j 

. '75 2-0 

0*06 


I, 2, and 4. “ lion Age,” v<!. 76, p. 609. 

7, “Tournal Iron ?lnd Steel Inslifuie,” 190?, I, p. I27. 
t yw., 1905,1, p. 113. ' 

, 6. M., 1903, I, p. 59. ‘ 

^ t 7. M., 1903, f, p. 6j. 

• ' • . 

* Pig irons in the U.S A. are usually classified as Bessemer non-Bessemer, according to 
vvbetherMhey contain less or more than O'l per cent. V. 
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•. With the pig irons referred to in Tjbles VI to XII, mixtures of scrap steel 
and iron, iron ore( scale, etc.,«re used in actordance with the kind of process 
employed. The^ mixtures att giveg in tlje ehjrges detailed under Bie sections „ 
I'elating to each process. * • _ , ” 

Cost-of Pig IrOJl.—In producing pig iron, the cost varies accordfhg to'the 
price paid for the ore at "blast furnacm the prices and amounts" of fuel and 
flux required per*(pn of ir«i» snieltc.d, ana tin? price of labour, hind o'f furnace 
used, and qi;ality*(lf pig required. • • 

Sonae ores ate sotrich inrc.alcium as to require little 01 no flux, while with 
other ores 2C to 30 cwts.’ofllimestope arc used in producing r ton of pig iron.' 
'I'he cofe required per ton tif pi(^ iron mblted etjuals from r to 11 tons. 

The prices of laboar and kind of plant usetiViry in different countries, and 
it would be difficult to give a comparison of costs of production which could be 
regarded as accurate." Sir I. I.owihian Hell gives a table showing the compara¬ 
tive c8sts of coke»(or raw coil), ore, and limestone required to produce one ton 
of pig iron in various localities, calculated upon the selling prices of the materials 
used^given in percentages ofJMo. 3 Cleveland pig. 

At the time in question, Cleveland No. 3 was selling at 37r. 61/. per ton 
(in ]*ine, 1912, the price was 570 3(/.), and for hematite iron in Cumberland and 
Lancashirejlic ore is taken at 131'. pei ton. The following are the percentages 


TAHI.K XIII 


roMrAiiMivc CoS'] or Pit; tiioN PitonucnoM 



! C''iii|i.tralivc i.oits 

o/*:i k< (or tiiW c ii.il), 

Oto. ,iit>l tiiTifslone 


i 1 n|iiiic<l to i>io(Jiicl 

I (t'li ul Jilt; iron, li.is< f 

1 I'll ClcM'l.iiid Nu. 3 

• Country .uid Jisli ict. 




• 

C Ickelufiil No i 1 

t'orge Hull 

' l!<'''-etiier 

— 0 * • 




Middlcslfroogh. 

ICO 

ys 

12'? 

Nojiliuiiil'crLtiHl. 

— 

120 

vSoutli-Waic's. 


120 j 

125 

112 

Scotch mixed. 

112 

U 2 1 

Germany— 

: 1 



Western Germany ..... 

100 i 


— 

lAixembuig . T . . . . 

— : 

90 * 

_ 

Ilsede.* . . 

( — 

^'0 

•’ — 

Wesl]ijalia 

i 140 

1 

j ( onniion lo y | 
\llcst 1351 

140 

France— * 



• 

F)ept. of Meiii^ie. 

07 

110 

— 

Neiglibourhood^if Naiu'V 


10? ,111(1 90 

• _ 

Nancy, South ....... 

129 

I-'.l 

! 214 

Neighbourhood of StVKlieniu- . 



! 221 Id 2?0 


1 1 


. (In 1867 ; 212) 

Genlral France.i 


156 to 1S7 

~ 

Belgium ... 

^20 

• 

i 102 

' 140 


I 

' Bell, “ M.inufacture of^ron aiut Slcel," p. 673. ^ 

' Hugo Carlsson gives an accouni of llie production of |)ig iron in Sweden in tl^e “Ticknisk 
I idsUift," Stocklioini, tijoC, General Seclioi^ pji. 125 127, in wliicli import.anl deUiils on cheap 
Pioduction are given. 
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LIQUJh 


STEEL 


Table XIV gives the average cos 


of pig iron per ton produced in th^ 


UniWd States of America during the years 19 o 2 ‘ i 906, from Itatistic 7 prepared 
, by Commissioner Knox of the JJureau of Corpofations investigating steel costs 
in topical plants. . • * • • 


taiu’e'xiv 


Cost of producing Bessemer Big Iron (ai.i, Distruws), during i«o2-ioo6 
IN U.S.A.* . - ^ 

To(al*t(?hs produced, 51,902,699. • 


Items of co't. 



Cost pel tou of pig 
iron. 


Kelt tolal metallic mixture .... 

Coke. 

1/mesione . . . 

I.alxnir^. 

Steam. 

Materials m lep.ur^ and nuintcnance 

Supplies and tools. 

Miscellaneous and {^auicial works expenses 

(General expense. 

Refining' and renew.ils ... , . 

Depiecintion. . . 


f. </ 

i6« (i| 

14 o] 


I 10 5 
o lO 2 
0 I i)l 

<^32^ 

o o 6i 
o o *8 
o o 61 


*009 
o I 7} 


'I'utal 


18 4 i 


Selling Prices of Pig Iron.—As a rple, steel manufacturew contract for the 
supply of pig iron on the most favourable basis of supply for periods of 3, 6, 9, 
and 12 months at a fixed price. The market selling prices, however, fluctuate 
very considerably. Average selling juices foi* British, Americaif, and German 
pig iron during 1910 are given below. 


Average Brices. 



• 

1 

1 

' 1 

• 



Jtrliish. 

American. , 

Germany. 

Y<ar. 

• Cleveland. 

Piusbiirg. 

Siegtin. 

m • 


1 Atil. 

Il.tsic. 

Acid. 

i 

it.isic. ; 

Aii.l, j 

" ^asic. 


i • e 

f. 1/. 

S d 

S. d 

! • 1 

• X. i 

? d. 

1910 

66 0 

52 6 

7 ' 3 

65 oi 

70 t> 1 

5S 6 


1 “Iron Age,’' vol, 82, p. 19S7. 

’ The Item of labour does not include, for inuch^rf Ihe tonnage, the labour of unloading 
raw materials and producing st-'am, which soige of the companies include in the cost of raw 
materials, and in the item “steam,” • 
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The following table shows the fluctuajon in the prices during 1910 
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TAtfLi; )fV' 


. Fi.iiCLUATicftf IN Prices OFiiic Iron 


No 

^ • 

^ • Dec 29th, JQO^. 
j Per lot).# , 

f>c'c.*28th, 1910 

Per ion. 

• Ch.ini’cs. 

• Per lull. 


* 

• 

Americaft (at tide waterT 


.i ^ 

• 

f. 

I 

No. fx Foundry, I'hil i- 
dolphia • 

• 70,^2 

64 7 

• , 

f.lll 14 7 

2 

No. 2 Southern, ?Je\v 
York 

"S IJ 

6.) 7 

f.dl 13 Cl 

3 

Pasjc, Hhiladelpliia 

• . • • 

lirilish— 

7S 1} 

• 

61 5} 

fall 16 S 

4 

^ Acid pig . • . • 

62 f 6r/. to 6 is. 

• 

64J 61/. to 66 j. 

increase 2 s. to 3f, 


I, 2, and 3, “Miiieia! Industry, ’ I910, p. 373. 


SfiCTION III 

REKKACroKY MA 1 EHIAES 

Refractory materials, such as are used in the various processes of steel 
manufacture, abound in different [larts of the wold, (duel among them are 
the various clays, consisting principally of hydrrAed silica and alumina in 
differdnt proportions associated with numerous other substances, according to 
the locality in Which they are found. The refractoriness, or fire-resisting 
characteristic of the clays differs in the raw statijas well as in the manufactured 
condition, such as in Idreclays, Fireclay Bricks, Silica (ienients. Silica bricks, 
Ganister, etc. •Other refractory materials which come nioie prominently into 
use in the basic process arc Lime, Magnesite, .Magnesian Limestone (IJolomite, 
which contains the carbonates of both Magnesia and Lime), Chromite, a double 
oxide of Iron and Chromium, Bauxite, an oxide of Iron and Alumina, besides 
many other refractories having different names applied to them, due to ttie 
presence of greater or lesser proportions of one or other of the substances 
named. * •_ * 

As the result of modern research, the manufacture of refractory fhaterials has 
been'mych jmproved. Kxperimenters have not only analysed the various clays 
suitable for the liningp of steel and other auxiliary furnaces, but have foyiid the 
fusing-points of clays when associated with different proportions of other 
substantes. They hav'e also indicated in what way the various operations in the 
manufacture of briijks from refractory m.aterials influence the durability of the 
linings in furnaces wtien exposed to high temperatures. 

All practical steel mftkers have at one time or another experienced some 
difficulty when by accident or irragularity in the utiality a poor refractory has 
been supplied in place of the usual coiisignments of mateiials. The loss and 
trouble with slaggy heats, and rapid wear of liniitgs, have not promoted the best 
feelings in the steel meltfer, nor always reliability in the quality of the steel 
produced. Standardisaflon of raw and finished products by chemical, refra^rteWy, 
mechanical, ant^ density tests minimise to a very considerable Segree the 
practical and very real troubles in steelworks. 
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LIQUW STEEL 


Classes of Refractory Materials.—Jj efractory materials may be divided intp 
threj distinct classes, as far as they pertain to steel manufacture. 

1. Silidous, or acid. " V 

2. Non-Silicious, or basic. ", 

. 3. Non-Silicious and Non-Basic, or neutral, 

I he silicious materials are used in what -are known as the acid processes; 
the basic materials in the has;: processes; and the^nVutral materials are used in 
conjunction with both, in such furna(^es where the basic materials form the hearth 
of the furnace and the acid materials the walls and roof, between which a neutral 
course of brickwork is fitted. ’’ 


Silicious Materl\ls 

General Description.—Silicious materials, as u^cd in stee’ manufactiSre, are 
supplied as fireclays; ganister (a name originally given to a highly silicious 
sandstone found near Sheffield, but now given to silicious lock which conQins a 
little clay, found anywhere, and which can bo suitably ground and mixed in such 
proportions as to produce a refractory lining for convcitcrs, cupolas, anjl like 
furnaces); silica cement (a material mixed with water and used a§ mortar for 
brick joints); fireclay bucks, and silica bricks. The brands•gi^en to the 
manufactured bricks, cements and cl.ays are many, but the raw materials from 
which they are produced, as well as the method of manufacture adopted, have a 
very important bearing upon the quality and price of the materials. The follow¬ 
ing table gives the analyses of Biitish, American, and Continental fireclays, which 
are fairly representative;—■ 


TABLE XVI • 

Percentaou Anai.ysf.s of Fireclays— liRi'iisii, Amfrican, and Continen'IAL 


No. 

Locality. 

S1O2 

AIzOs 

FeO 

Fe2< >3 

: 

CaO 

Mj ;0 

AIU- 

lies. 

*1-102 

H20 

and 

iirfiatiic 

iii.tttcr. 

'Fotal. 


rNcwcastle-oii^Tyne 

55 ’ 5 o 

27'75 

2 Ol 

0-67 

0-75 

2-63 


10-53 

98 84 

2 

Dowlais (Soutli Wales) 

O/’IZ 

2ri,S 

— 

1-85 

0- 1,2 

084 

2‘02 

_ 

7 -n 

100-44 

3 

Stourbridk^e 

93 ' 3 o 

23-30 

I aS 

— 

0-73 

— 


— 

10-3 

99'43 

4 

Staffordshire . 

51'80 

30-40 

4-14 

— 

— 

0-50 

(r.K^e 

— 

lyii 

99-95 

.s 

Olasgow .... 

C616 

22-54 

5 ’ 3 ‘ 

— 

1-42 

trace 


— 

S'H 

9»'57 


Ireland . ' ... 

79-40 

12 25 ; 


1-30 

o-qo 

— 

— 

— 

5-20 

98-65 

7 

llelgium .... 

57-08 

30-04 

— 

0 67 


o'lS 

^•10 

— 

8 - 4 ? 

<29'08 

8 

Schtiningen, Hanover 

59-01 

2426 

— 

4-04 

1-32 


1-20 

_• 

A-24 

100*79 

9 

Haya.ij'e, Moselle 

66’io 

19-80 

— 

6 30 

— 


• — 

— 

7-50 

9970 

10 

Vallciiil near Coblenz 

55’46 

3174 

— 

0 59 

0-19 

o‘i4 

3 'i 7 

♦ 

9-37 

100-66 

I 

Ibbliville, Alabama 

74'25 

17-25 

— 

ri9 

0-40 

tiace 

0'^2 


h’T,o 

99-91 

12 

Mecca, Indiana . 

63-00 

2377 

0-46 

1-S7 

0*44 

0-89 

2-69 ' 

no 

6 '45 

100*47 


New Brighton, Penn. 

61-75 

23-66 

>'93 

' ■ 

0-45 

07s 

Jl-41 

1-78 

7'20 

99’53 


I, Hugh Taylor ; 2, K. Riley ; 3, C. Tookey ; 4, 'T. II. Henry ; 5, J. Brown ; 6, T. H. 
Henry; 7, Bisliof; 8, Slrong; 9, S.ilvetot; tl, 12, and 13, Standard American Clay.s, 
N. Uies, Professional paper No. 11, U.S.A. Geological Survey. 

. It will be observed that in all varieties, the main‘constituents of each are 
silica and alumina. Pure alumina silicate (AljOj-f aSiO^-f 2H„0), which is 
highly refractory, should contain 46 per cent, of AljOj in the calcined state, but 
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this is purely theoretical and cannot be (Stained in practice. It is stated' that 
firebricks which are,stipulated tj containnhis amount, must be made from ^lays 
mixed with bauxiUk, which produces fusibiKty at high temperature and much 
sbrinkagd in cooling. • * ^ ‘ 

Objectionable substances in.Fireclays when^used as ftefractorijs.—'Clie 
most objectionable substances.in fireclays when Tl*e latter are used jn furnaces, 
are those which te«d to promice fusibility atid update expansion and contraction. 
Perhaps alkalies atjfl oxides of iron giv» nio,ft troufile in these directions. It is 
important that the total, alk.alic5 should not exceed 2 per cent, in fireclay bricks, 
and as fdras possible the percentages should not be more than i jier cent. In 
high silica bricks the presence ijf even i pet; cent, is objectionable, and bricks 
entirely fre«» from alkalies give the bbftt results, irpn oxides arc not so injurious, 
even when present uii to 2 to 3 per cent,, if the alkalies are kept low. In the 
following table is given the fusion-|)oinl of line washed day and also the tem- 
peratuaes at which the same ijjay will fuse when mi.xed with other substances;— 


TAlil.l': XVII 

I'AHIE OIVING TUI' FUSION ToIM tU (to.MI'OUM)S roilMlU OF l‘'lNK 
WasIIFI) C’1..\V ANllOlilEk MaiIKIAIS ' 


SlibNtanccs added lo fine w ivln d clay. 

« 

Per Cent. 

Ku.iiin,.. 

Carbonate of luliiuin .... 

20 

I 3 j'> 

Ma^niesiuni carlioii.ilc. 

10 

I ^So 

Manganese (lioMtlf . . ... 

20 ^ 

l.JOO 

Calcium carboii.Ui-. 

20 

1350 

Iron oxr le . . . . . * 

20 

1010 

Infusional slag . . .... 

5 ^ 

1700 

While gl.i?. ... . • 

20 

17I0 

Tu.miuin o.Milc .... . . 

20 

17 ^> 

Zinc oxide . 

*20 

1760 

I.ead igMile.• , . 

20 

1770 

Unnuxcd cl.iy. 


17S0 

Felspar. 

20 

IiSlO 

Alumina ... .... 

20 

iSio 

Chromic oxide. 

>5 

iSio 


The limit of rtifractoriaess for the highest grade of fireclay brick is given by 
W. A. Stanton * .as 3350° F.'(i843'’ C.). He states that only one o» two brands 
can 5 taijd this tcmi»erature, jnd that for regular work 3000“ F. to 3100^ F. is 
the highest working tp*liiperature best fireclay bricks will stand. The temperatures 
are usually found by the standard Seger cones. In experiments condutted by 
Bondoiftrd,” ht found that the melting-|)oint of fiure silica was pSjo" C., but 
it was reduced*from 1830° C. to r6yo° C. when the silica was mi.xed with 
I4’5 per cent, ofaluftiina. As tlie alumina was increased beyond I4'5 per cent, 
the melting-point also increased, until with 63 per cent, of alumina and 37 per 
cent, of silica, the melting temperature reached 1890° C. 

‘ “ StaM und Eisen,’* vol. xxiii, p. 421. • 

* Revue de Metalluririe,” 1904, II, p. 92. * 

* It is pointed out that therctmust he some error with the result of the felspar mixture, as the 
amount added should give 3 per cent, of potasli and thereby lower the nie]ung-poir‘ 

* U.S.A. “Geological Survey Bulletin,” No. 256, pp. 77-7S. 

* “Journal Irotfand Slccl Iiislitule,” 1904, IV, p. 751. 
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AoalyBes of Fireclay and Silica Kricke.-^The following tables give typical 
perqpntage analyses of fireclay and siliw bricks; — 


■ ' TAiiW: xviif 

Analyses of Fjreci.ay Ubicks 

. . » - 

■ » 



* 

• « 





' * t 

SiO, . . 

• • 1 

6;-09 

* * 7ro2 

Al., 0 , . 

. , 

29*OQ 

1 2 b -47 

CaO 

# • 


: 'J'race 

MgO . 


0 66 

' 0'44 

FcO 


— 

I Trace 

hV.,(>, . . 


2-88 

o Ko 

Alk.iliC'i 


2-23 

«' ^'91 

TiOj . . 


221 

i I’race oT 


I, iJowl.ns, by E. Kili.y. 2, Devonshire, hyj. A. I'liillij 


— - 

Tl K< rNT\Gb 

TAHI.l', XIX 

ANAI.\sIS of ^IlK'A HkICKS 

1 

II- 1 ." 

SiO,. . 


yS )l 

73 


. . / - 

072 

r3‘) 

1' c() 

. . 

0 18 

048 

c:a() . 


0 22 

O’ 19 

Alkalies 


\ . G'I4 

0 ' 2 C 

] 1.^0, COIT 

liincil 

1- 

■" 35 

0 50 

1, riuihi 

s, “ Klcmcnts 

cf Metallurgy,” 126 . 2 , /''i/./, j). i« 7 . 


Opinion differs as to the best quality of silica bricks, as the quality does not 
only depend upon the bigli temperature which can be attained before fusion, but 
upon other factors, such as chipping too freely when subjected to intermittent 
use. Silica bricks made from Welsh clay, particularly the “ Dinas ’’ clay, find 
great favour in f.irnaces where high temperatures are required.'' 

Qanister — Perhaps gamster is moie largely used in the Bessemer acid-lined 
converters for making and repairing the linings, than for any other furnaceS. It 
is also used regularly for patching cupolas for melting irefn and steJl scrap for 
converfer metal, as well as in some crucible furnace linings. , Canister rock 
varies in quality according to where it is found. Even in the same district, hard 
and soft varieties are quarried. It is somewhat similar in composition to " Dinas” 
rock, and good qualities are found near the coal seams in‘‘Yorkshire and other 
parts of the country. Sheffield varieties of ganistcr>-are much used in steel 
manufacture, as they have a very high refractory character, and set like stone 
when exposed to high temperatures. The art of mixing has a very great influence 
on the properties. Some grades.of ganister contain too much alumina and “ run ” 
at moderately high temperatures, while others hav« too much silica without 
sufficient bond, and “ frit.” 

'I^e following percentage analyses may be taken as typical of the best 
ganisters;— ' .. 
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•• TAULE X,K 

^ A 

CoMTOSITION OF GASibJF.W FoK^l'URNArE TUNINGS* 


_ • - - - 

• . *. 


Silica •.** . 

• •.ks-s6 

S'i’.t? 

Alumina 

7 00 

(>• tf) 

0\i<lc t)f iron 1 

2 tx> 1 

' 7 ^ 

Jame 

• 0 22 • 

o’7(> 

M.agnc;^la * 

0 

0 >6 

'■'Alk.alics* 


% 

W.iter or loss <>n calciiiing 

2 ]2 : 


'iol.d . •. . j 

io<M>5 1 

lOI'IO 


I, I,(>\\ou<l (Siu'lus). 2, Ixilcy 


For some purposes ganMer containing ahoul cSo per cent, of SiO. and lo per 
cent, to iSil^er cent, of AI.O, is used with good results. 

Expansiorf and Contraction of Fireclay Bricks. roc lay aiul Inpli .silica 
bricks \ary in degree of e.\i)an.sion and conli.iction when exposed lo heal, 
according to thc^ coniposiUon of the nialeiial.s of which they are made. In 
furnace tonslriiclion, allowances must be made foi expansion when building die 
linings, and most careful attention is ahiais necessaiy ttlieii healing lurnaces for 
the first time after being lined with eilher (ireclay high silica bricks. When 
the bricks expand very nuii h, they do not always cyme hai k lo their oiiginal 
si/tc, and some’ . cracks m bru fwoik or rifis m joints .ire ob.served il the 


T.\i;l,l'. XXI 


Kifractorj in.iCcn.iK i 


I’mlinsf f,.r will! h ii'iil 


Uanister . 

Lianister, fine , 

bilica ccmcnl . 

• 

Fireclay, yiuui*i 
Fireclay bricks 

Ordinary sizet . 
Spccijfis . . • . 

Silica biioks (high gtadc) 
Ordinary sues 


( upola jdatciiint^', ciui- 
vt'Kcr palchiiiL,' .uid 

liniii}; 

Cnitililf furnace pali li- 

1 bru kwbrk joints of .dl 
J acnl lined furnaces 

j ‘-'f Ciij’''la liiun.L;’' 

Cupolas 


55J. to 7 or. 
It/. 10 'id. caeli 

150 .; lo i 6 of. 


„1 


90J. to 100;. 


r Lining steel mclliiv 
furnaces 

Lining steel ^icltin^ 
i furnaces ! 

Silica blocks, specials . : For crucible fuinacc'',* Prices\aiy 

I converters, open- ! actording Id lie- 

! heaAh and electric I Mgn and vicighl 

fflrn .ices I from a few pcrce 

j t.. se^erdl s|„|- 

• I lings each block 


1 


I 2 j. Ill I ](. 
iSt. lo :^)i. 

15 '. i" |i>' ^ 

‘p. lo I2i 


d’lic prices 
given arc fi>r 
inatenaK 
soM in this 
country 
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greatest care has not been taken to Iberate part of the framework which may 
enclose t|je lining. • • ' I 

Several (yperiments have.bten made to Vy and measure the amount of 
CJjpansijn and contraction that take? place in fireclay and silica bricks wlien 
exposed to^ heat. 'I'he resulft*howcver, are so variable with dilferent-clays that 
no reliable figures can be gi^en. t^od -and defttiite brands of fireclay or silica 
bricks can 1)8 relied upon with an amontit.of certitiwty for ali*practical purposes, 
which enable the necessary allowSnces to be made for tft8\)ansion in furnace 
building. • * • . 

Cost of Silicious Refractory Materials.- On*p*2i (Table is given a 
list of the more important silicious refraptftry*materials with then prices and 
uses. » * 


Basic Materials 

• 

General Description.—Since Thomas patented his composition for producing 
basic linings for steel converters and other furnaces, many other patent mixtures 
have been tried and ii.sed. Methods of refining the materials used in making 
the various basic biicks have also been numerous. The basic materials mostly 
used for lining steel furnaces may be classified thus:— 

1. Dolomite. 

2. Magnesite. 

3. Bauxite. 

4. ('hromitc. 

5. 1 .inn stone and Lime. 

r. Dolomite. Dolomite in the crude stale varies in composition, but contains 
principally lime and inagiv.sia, with small proportions of silica, alumina, and 
oxides of iron. The following tabk givet the percentaee analyses of various 
dolomites:— 


« TAIil.l'; .\X1I 
An.XI XsI S ok I )OI f)Ml 1 I '-. 


• 


2. 1 

1 

4 - 

l.imc ... 

29 S() 

.M'.ib 2S ^2 i 

— 

. 

2t) 17 

19 17 £;() 

__ 

Ferric t^xulc • 


« I ' f 

o '37 

Alumina . f. . . 

— 

1-5 • 257 \ 

('alciuin carl)(mate . 

— 

— 1 


Carbon dm\nlc . 

Silica j. 

45 'M 

4 S\ 

4 ssr, . 4’; 05 1 

20 ,*.65 : 


Magnesium carbonaio 


• 

41*35 

Manganous oxitle 

— 

• 

.traces 


I, Used at Cicusot ; 2, Lsol at Ih.rdc ; 3, Usv<I at Middlesbrough ; 4, Ana]y.sis made at 
Ironworks at Kiscl in Ural. An.iljses l, 2, and 3 WedAng, “Basic Rtocess,” p. 40. 
Analysi.s 4, “Journal Iron and Steel Institute,” 1904, II, p 477. 

When the crude material, is cru^ned to about tbe size of ordinary road 
macadam it is burnt in basic lined kilns or in cyipolas similarly lined. The 
calcined shrunk dolomite contains from 56 per cent, to 58 per cent, of lime, with 
35 jrer cent, to 38 per cent, of magnesia, and is crushed in mills until the largest 
pieces pass through a mesh of about -fl;'mch to 4 inch. The brushed material is 
then mixed with hot tar, from which all the water has been expelled. The 
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atnount of tar used varies at different wojks, but tlic average amount by weight 
is about 10 per cent. The (Allowing percentages of tar used at the places 
named are given Wedding ' >— 


At Alexandrowsky in*Russia.17 1o 18 

„ Horde, Germany.T . . 10 ,, 12;;; 

„ C’rq^sot, Via.rlt:e . • ■ • * ■ 'o 'J 

„■ Mitj/^Iesbrougli* luigl.iMd, ■ . ^ . 0 ,.,10% 

,• Tlie ^hein SieeMVoiks, (kimany . . H ,, 9',“' 

Rcffhe-Ktdt; Germany . . . ^ . . . 7 ' ' 


Whatever proportion of tar^is asgd, no n'lore is rc(|mrcd than will rnahle the 
material to unite in a cempact mass wiion pics^’d into moulds wiicn biu kii are 
required, or when being rammed to form the linings and bottoms of converters 
and other furnaces. 

Ddlomite Brinks.—I >oloitnle l)ri<ks are made from finely giound calcined 
dolomite, usually mixed with a small [iroportion ot clay or tar, to make a 
matdTial sufficiently plastic wKicli will hold together when llioronghly burned 
and when sul)se<iiienlly exposed to the varying changes ol tenij-eiature in actual 
furnace work. 'I'lic methods of calcining, ciuslnng, grinding, and moulding were 
rather crud% when dolomite was first found so valuable as .1 lining lor converters, 
but now every large woiks has, as a rule, its own crushing, grinding, and 
moulding plant, all i^ower driven Hitcks made by power prisses weai imicb 
better and take*lcss time to fit into a converter than the baml-made bucks, 
which weic not scf regular in si/e or density, llottoms foi con\citers are also 
power rammed, thus saving time and exj'cnse. 

The fuel consumed in calcining dolomite vari(‘s fiom 50 per cent, of the 
weight of the pioduct to over twice the weight, acetfrding to the kind of dolomite 
trcaterl. The fuel (onsumed m buflnng tlu bricks ('(juals from ;o pei cent, to 
50 percent, of the weight of bricks buined. I lie sluinkage of the bucks, c\cn 
With the most careful air diymg and sIoV healing in Kilns, is fioin 24 per <ent. 
to 50 p>er cent.' • 

2. Mag^ne^te --M.ignc^it(‘ is,an exci.llcnl basic lefra'loiy material, aUlunigh 
rather more expensive than dolomite. I he pnnci|>al sources from which it is 
derived are Austria-IIungaiy, Greece, India, and the U S 

Magnesite is found in nature associated with many other substances, but is 
only used for furnace linings when the silica contained in it is not present to apy 
marked degree. 

Table XXnU(p. 24) jjives the analyses of magnesite fouml^in various parts 

of the world. - 0/ *\i / 

Uure magnesium,carbonate contains 52*4 of ( O2 -f m of aig'b Ihe 
amor()lw>us*magnesittfc is an'almost ])ur(; carbonate of magnesium (ontaming 
98% MgCO,. The deposits in b'.uroi c are found in tlie IJand of 

Kubcea,((Jreccp). Isuba'an magnesite is said to command a higher ]-rKC than 
that from other»Iocalities ■’ 'I'lie price paid i>er ton of hurnl magnesite in 1912 
averaged from ^5. 'I'hc material in the crude slate at the niiius m 

California was 8 dollars (34;/.) [rer ton, and 35 dollais (145J'. 10./) per ton 
ground and calcined, i9ii> In 1885, 800 Ions of m.-ignesile were .slapped to 

the U.S A. from Europe, and the first basic .steel was made m i88h. In 1911, 

238,209 tons of magnesite were consunKid in the U.S..\., 232,209 tens of which 
were imported. This givc^ some idea of the magnitude of the demand. Owing 

' Wed'flng, “Basic Process,” p. 59. 

IbtJ , p. 34. , T £ 

** “Journal Iron and Sleil InstitrlC; ’ 19*2, 1, je 45 ®* 

* “ Mincnirimlusiry,” 1911, p- 197 







Magnesite Bricks. —Magnesite bricks are always made from' tbe burnt 
magnesite. As tlie material is mined, it is broken into lumps and sorted, to 
remove, as far as possible, sand, lime, elay, and other injniious substances which 
may be associated with the magnesite. .Shaft furnaces aje used chiefly for 
burning tbe niatciial. Tbe tenijieratiire for burning ])ure magnesite is practically 
1700" C., but when it contains 3 per cent, to 4 per cent, of iron o.xides, the 
temperature is about 1400 if(and the colour of the burnt magnesite is dark 
brown or black. ( oal is used for burning in preference to coke, and amounts 
to about 30 per cent, to 40 per cent, by weight of the Iniint magnesite. When 
the material is burnt it is removed from the kilns, cooled witlfwater, and allowed 
to weather for about 4 weeks after which it is sorted and ground to about 
I mm. gatige m a ball or ( liiban mill. 'J'he finely ground powder is usually 
mixed with some binder such as tar, and moulded into bloc'ks in hydraulic 
presses with a [iressure ranging from 80 to 300 atmospheres. Bricks made of 
good magnesite do not reipiire any binder. 

When moulded, the hricks are allowed to dry naturally for a few weeks, and 
then diied at about 20° ( 1 . At this temperature cracks reveal if any lime and 
other objectionable substances are jiresent. After careful drying at 20° C, they 
are placed in S muffle furnace such as tbe Mcu 4 Keim type, and burned for 
twenty-four 4 iours, consuming about 30 per cent, of fuel in tbe operation.. The 
shrinkage of the ordinary brick when properly fired does not ccxceet) t to 2 mm. 
If they^get distorted or are not uniform they are reground in tbe mills. 

Magnesite bricks containing less than 2 per cent, of iron will withstand a 
temperature of about 2000' C. ' 

The following is an analysis* of magnesite brick made from magnesite at 
Snarum, Southern Norway :— 

MgO CaO TcO AbOa MnO SiOj P2O.S S 

83 6 o'o 4 6 2'o o'o5 '9’3 0 046 o'oo3 per cent. 

Uses of Magnesite. —Magnesite is'principally used for forming the bottoms 
and sides of basic open-hearth furn.aces. The sides are built from 15 to 18 

, ' Hamlliook, “ Ibirhison-Walkcr Refractories Co ,” riUsburgh, Ra., p. 11. 

'• “ Mincr.il Industry,” 1911, p. 498. 

' //'I,/., 11. 499. 

* “Jouinal iron and Steel Institute,” 1905, II, p. 566. 
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inchM above the bottom of the chargin|-doors. Magnesite bricks are also uscc 
in different parts of the open-hterth furnaces around the door jambs and tawnine 
holes, in the bulkffeacis of the i»rts,avd in Hk* first two or three rowsbf chequer! 
m the regenerators. They are also used alone the slaeline df metal-mixer' 
instead of fireclay hricks. 

Magnesite cement is us#drfor setting magnesite bricks 

In lining, furiftces with .these bricks it’is ariviVible to use a oourse of silica 
or other higMratK.refractory between flic jJate of the furnace and the first course 
of magnesite brinks, as the latter, being a very good conductor of beat, migbl 
injure the platcwork if placai directly against .same. 

Magne^te bricks give the besi.results in tuniaccs which are used continu¬ 
ously. If iubjcctetl to.sudden coolifig by air, iiMter, or oil, it will cause them to 
shatter and fall to pieces. 

3. Bauiit^.- 'l'his substance is com|)osed chiclly of aluniina, and when 
calcined at ncvly»r400 ( . iksbrmks considerably ; but when ground and mixed 
with a small percentage of fireclay, sodium silicate, or lime, can be made into 
a b#ck or tile. 'I'lic following analyses ol while and red bauxite show the 
variation in its com|)osilion ; — 


A 1,0, 

Kc.O, 

'I'll 1, 

.siO, 

C'aO 

MkO 

HjO 


IWBI.Ib XXIV 

riMIMU' FROM DllFlRl-NI I.oCAllllFs 
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lute 1 

oillX II’ 

1 K<.l 1 

ollIXlIO 

1 

\.k .ns-,s 

T s .\ 

III. 

lb. 

111- -1 .It 
t'-.’ ( 

I'mlficil 

1 

1 1 nKii it 

f 

1 

r 

• 

I'lliiui <1 

i 

N 'ki'ni 


50 S 

59'> 

59-9 


1 ^ 7'3 

<>\ '>4 

15 - 3 ''^ 

1 7 

- ' ' i 

23-0 

5-11 

'43 

6-21 

34 34 

44 ' 


3 

t 7 ' 

-- 

3 ‘ 1 

O'I 

1] 1 

•4 d i 

1 

- 1 

' 3 

i I .S 1 

6 .jO 

1 79 

0 '04 

0 02 

1075 

o'4 

20'0 

20 6 [ 

III 

11 .s 


24 0 

19 0 


1. Composiiitm of while aiul rc<l v.mclics from tlinTcroiit huahtics (“ Jomnal Iron and Sled 

Inslitute,” 1911, II,*1). 499). * 

2. Analysis of material /rom llie chk-f source of American dolomite (“ Mineral Industry 

*9<55>*pp. 47 ^ntl 48). ^ 

. 3’ Tnfo analyses out idj^ht iliffcrcnt analyses of Iiidi.iii hauxilo. J he Mailras sample con- 
taino.l the lowest, and th^* xN'agpur sample the highest, alumina in the analyses (“ Mineral 
intiustry,” 1905, pp. 47 and 48). 


The’ bulk'pf the bauxite used, particularly in the U S.A,, comes from 
Arkansas, and the ajialysis of the material, after licing washed and calcined, is as 
follows:— 


Mechtinical Ib^O.o'S.S "/ 

Silica . . . •. 6 41) t 

Oxide of iron . ... . . . i'43 % 

Aluniina..• 87'3o 

‘. 3 99 % 


This material is remarkably high in aluniina and produces very .fine bricks, 
which after careful burninp can stand, a crushing test of : 0,000 lbs. per square 
inch. A brick 9" x 4i" X ai" "eiglis 7J lbs. 
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When bricks are made for the bafc open-hearth furnace they should not 
contSin more than from 6 to 8 per. cent, of Si(?2, the white,variety of bauxite 
being usecf mixed with lime frej fioip silica to ft^m a bond. 

An account' is given of comparative testS made at the Bethlehem Stetl 
Works wfth bauxite and magneaite bricks made from different materials, which 
were placed" in the furnace side by si^e and neai*t*,the gas and air ports, and 
exposed to tht highest icmperatflre in t.he furnace.* Jn 7 mii^es the magnesite 
brick showed si^ns of melting, while the Rauxite brick stood «5 minutes. When 
both bricks were broken it was seen that the slag had penetrated more deeply 
the magnesite brick. • , ' 

The output of bauxite in the U.S.A. in ipsri Vas i55,6i8_tons. 

Bauxite for linings of furnacSs has not, as far as we can learn, beRn taken up 
by steel makers. 

Alundum.^—AUmdum is the name given to fused bauxite prepared in the 
electric furnace. It is stated^ that it has been usifd with suocess in a Hdroult 
furnace at work at Ni.ag.ara. Alundum is pioduced in two forms—white and 
reddish-brown. The white contains less than i per cent, of impurities, arfCl the 
other from 6 to 8 percent. The fusing-point of bricks produced from the white 
material is between 2050” and 2100° C. Furnace roofs made with bricks of this 
class have withstood temperatures which destroy silica bricks in 5 cto 6 hours.’ 
It is stated, however, that there is some difliculty in using bricks oh this material 
for the roofs of electric furnaces, as the vapours arising from the intensely heated 
basic slags are injurious to them. 

Alundum expands and contracts very slightly. 

4. Chromite. -This material is an exceedingly refractory ncutnal substance, 
consisting chiefly of a double oxide of chiomiiim and iron. As it is not attacked 
by basic or silicious fluxes, if is most useful in furnaces where chemical action 
and high tem|)eratuie arc to be resisted. • 

In 1905 the world’s production of chromite was as follows^: — 

Canada.' . . . 7,781 metric tons 

New Caledonia . . 5 r >,?74 » 

New South Wales.*. 53 „ 

U.S.A. 122 „ 

It was estimated that in 1907 the world’s production was from 90,000 to 
100,000 metric tons.” 

■ The analyses of chrome ore arc given as follows :— 


TABI-I'; .XXV 

t’i'Ri HN rAC.r, ANAIYSI-S ok CiIKiiMI' (Irr 
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Fcl):ind .1 n 
l-s-A'a 1 


• 

• 


1 • 


No.- 

• 


Mt^O. 

Si(b, 

CXI 

M nO 

• 

PgOr, 

IhO. 

1 

Turkey 

5 i ’7 

142 141 

14-3 

3'5 

■; 

« 


o '3 

2 

New Caledonisi 

55'7 

)6 6 162 

98 

0 25 

o« 

0-2 

0 05 

1-05 

3 

Bosnia. 

50-52 

39 45 

Sonic 

2-5 

Some 

~ 




3. Ore uscil Ai lining fur open hc.plh furiiaA at Diosgyor Works in Hungary (“Jouinal lion 
ami Sloel Instiuilc," 1890, I, i>. 2i8)l 


1 “ Mineral Imliistiy,” 1905, pp. 48-51- • 

“Journal Iron and Steel Institnle,’' 1911, IT, p. SCO. 

' “ Melalltirgtcal and Clieniical Kngrpeering,” \ol. x, pp. 129 ajid 132, 
* " Mineral Industry,” 1905, p, 74. • 

' “Jouinal Iron and Steel institute,” 1909 , Ih P- 545* 
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• As a refractory material, chromite shfculd not contain less than 6 per cent, of 
silica. I ' • ^ ’ 

It is stated ‘ that chrome oeS linings were fir;;! used at the Taijiaris Works in 
France, as a neutral lining for thje hearllf of a Siemens-Mai tin furnace. Blcy:ks 
of the ore were built in, the joints being madc^wilh mortar composed of two 
parts of the ore and one patt bf lime. • 'I'hjee furnaces were in successful use, the 
sizes being 6, 8, and ra ton6*respectiveJy. * • • 

When gr»und,*c 4 iromitc is found useful hi basic furnaces along the back walls 
of both, stationany and tilting’furnaces, also on the floor of the ports, and as a 
protection the silica briclrs in the. ports. It can be supplied containing from 
38 to 42 per cent.^of chromic dxido^or with'50 per cent, of chromic oxide. 

Chrome’ Bricks.—These are made from thS crushed ore mixed with a suit¬ 
able binder such .as lime, and afterwards pressed into moulds and burned. They 
are practically infusible, .and are used principally in b.asic open-hearth furnaces 
in malting a noutml course ht;tween the fireclay liricks on the bottom plates .and 
the magnesite bricks forming the bottom of the furnace. They are also used in 
making quick repairs, as they are not affected by sudden changes of temperature. 

5. Limestone.---.As a b.asic refractory material for lining furnaces, limestone 
was used successfully at both Witkowit/. and Kl.adno when the basic process was 
introduce^* Weddinggives the analysis of the limestone used as follows :— 


Dime. . . 


- 

Magnesia .... ... 


2 9 ,! i':. 

Trotoxide of iron (FeO) . . . 


.Dl>% 

Protoxide of manganese (MnO/ 


• O '-’9 % 

Caibonic acid. 


42 «5 % 

Silica. 

4 

2 -i.S % 

Alumina ........ 


• o' 5 I% 


Dolomite h.a» now c oinc into genijal use for converter linings, and this 
material is more durable than limestone and more economical, although lime¬ 
stone is cheaper than dolojnUe. 

Standardising Refractory Materials.— Some effort has been made to classify 
refractory materials for use in furmaces making iron and steel, but the various 
([ualities of rcfr.actory materials going under the same name makes it difficult to 
find tests which will be simple and practical, and at the same lime a sure guide 
of quality. Mr. Baraduc-Miiller’' suggests that refractory materials should’be 
graded in groups, thus— 

I. Aluminium silicalc’jirodiicts. 

Alumina products. 

3. Silii^ producls^ 

4. Magnesia products. 

5. Carbortmdum products. 

6. tjhromftf products. 

7. Carbon products. 

and that the following values of each should be determined— 

1. Chemical composition. 

2. Refractory resistance. • 

3. Absolute and apparent densities.. 

4. Degree of porosity and calorific conductivity. 

5. Mechanical resistance to compression and shock. 

I "The Engineering and Mining Journal,” vul. i, p. 213. 

r Wedding. " y.iaic rrorcss,** p. 27. 

* "Revue de Metallurgique Mcmoircs,” vol. vi, pp. 700-729 
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These values, he says, would alIow(of a refractory product being expressed 
by the following formula 

I —1 abso/ate density 


Value = A ,,- 1 -cal. resistance + . 

I ,pi02 + fluxes apparent density 


+ mech. resistance". 


Whether sueh a formula would be of practical valteeys somewhat difficult to say, 
but there is no doubt that a.'oetter method is required for ttie easy testing of 
refractory materials before use. 


Elfxtrodks Tor Electric Eurnaces 

* * . b 

The development of the efectrodc or arc types of electric furnaces, has 
necessitated considerable investig.ations into the manufacture and durability of 
electrodes. Two classes of electrodes arc used; (t) amorphous carbon 
electrodes, and (2) graphite electrodes. The ideal fliaracleristfcs sjf an electrode 
arc: - 

(ii) High (Onduclivity. 

(i) Maximum resistance to oxidation. 

(<r) Freedom from cracking and bre.aking when subjected to heat. 

Originally, amorphous carbon electrodes were used with succoos, in small 
electric furnaces only, hec.ausc of the dilficuUies found in making iRrge sections. 
Amorphous electrodes are now made at least 20 inches in diameter and 70 inches 
long, with socket and spigot joints, and used with success in electfic slepl furnaces, 
(iraphite electrodes are often used, even aUhough more e.\|)<tnsive, as ttiey can 
be easily m.ichined and joined together, possessing also advanl.ages of higher 
conductivity and greater freedom from cracking and breaking than amorphous 
carbon electrodes. ' 

The current carrying capacity of eleclifides per square inch of section 
depends upon seveial factors, namely - the kind of electrode ^sed, the drop in 
temperature between the inside of tht furnace and the outside end of the 
electrode, and the length of the»electrode. Rules have been devised and con¬ 
stants tabulated, by means of which the size of jn elettrode for ai^v specific case 
can be determined. 

Amorphous Carbon Electrodes.—The manufacture of carbon electrodes is 
described very fully m a rejioit by Fugene Ilaanel, I’h.I)., to the Canadian 
Department of Mines. A carbon electrode factory comprises four essential 
departments ;— 

1. Storing aryl sorting department. , 

2. Crushmg and mixing department. 

3. Moulcfmg department. ^ . 

4. Drying department. ■ , • « 

The,simplest and cheapest electrodes consist of anthracite, retort coal, and 
tar, whilst higher quality electrodes have graphite added to the fo/egoing, The 
anthracite and retort coal are crushed in ordinary crashers and afterwards in 
edge runners. When the mixture is ready, tar is added gnd the whole then 
treated first in mixers and afterwards in edge runner^. The mixture is then 
allowed to settle for some days, after which it is moulded in a hydraulic press of 
the extrusion type. After the electrodes are formed they are allowed to settle 
for at least 24 hours, then dried in ths air for about a week. They are then 
packed into saggars in a drying'kiln and baked for 20 to 22 days, the maximum 
temperature to which they arc subjected being about i.tio'’ C. The cost of a 
coftiplete plant with buildings and all auxiliary machinery designed to give 
economical working results and capable o*" producing about 3000 tons of large- 
size cqrbon electrodes per annum, costs about ^5o,oo‘o complete. 
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. Another description' given of the ntanufacture of carlion electrodes states 
that the materials^ used consitt of coke, hard and soft pitch, coal tar’and 
petroleum oil. Lampblack ni;^ be sttbstitutad [or a |>ortion of the coke where 
electrodes of superior quality are required. The coke is first cruslied and drjed 
in retorts, then ground. The *pro[)ortioir of •t*e mixture used for'ordinary 
electrodes is:—Coke, 325*11*6.; hard pi,tch, no lbs.; oil, r gallon. The 
ingredients are nrtfed for atout 20 minutes in sVain-jacketed i»ns, and the 
mixture at a^tempiyature of about 27%^ F., is compressed in'heavy cast-iron 
moulds into roun^ plugs about 6 inches thick, by means of hydraulic pressure. 
The plugs, after cooling to‘about 2^00 240” K., are forced through discs from 
3 to 5 per ‘cent, larger than the <cbamcter ’of the finished electrodes. The 
baking occSrpies ffom 10 to 14 days, the (hmperature being ste.idily in¬ 
creased to a maximum of 1020" F., after attaining which the furnace is allowed 
to cool down for 4 to 5 days before being ojiened. The fini.shed electrodes 
5hould*have a resistance of akout o'ooifi ohm per cubic inch, and be capable of 
carrying a current of 25 amperes per square inch of cross-section. 

Graphite Electrodes.—Probably the best known among graphite electrodes 
are those made by the Acbeson (Irapbite (.'0. They are m.ide by subjecting 
amorphous carbon electrodes in an electric furn.ice to such a tem|)erature that 
the clement^other than carbon are volatilised, leaving heliind the caibon in the 
graphitic ?tat«. A mixture suitable for giaphite electrodes is given " as - coke, 
325 lbs. ; hard pitch, 103 lbs. ; oil, r gallon; iron oxide, 5 lbs. This is prc- 
]iared as dcscribijd above, and when formed and baked is ready for treatment in 
the electric’furnace* The following comparison between gr.iphite and carbon 
electrodes is given by the Acheson Graphite't'o. :— 


Specific resistance, ohms per iifMi cube 
Comparative sectional area for same I 
voltage drop "I 

Weight. Lbs. per cubic inch , . . 

Tensile stij;ngth. LbsT per t*;. inch . 
Temp, of oxidation in air . . . 


At k('soii-< Irnplni 

f Non-[^'r;i|)hi{e 

Tift (ititlfs. 

carixtu flcclrodcs, 

. O'OOOJS 

O’OOl 24 

. I 

3 -« 

0 

0 

p 

b 

. Soo-iooo 

1000 isoo 

. 640 * c. 

500 ('. 


Although the tensile strength of graphite electrodes is lower than that of 
carbon electrodes, they are not so buttle, llie comparative freedom from 
cr.acking of graphite electrodes is obtained by reason ol the high tem|)erature to 
which the electrodes are subjected tluring their manufactuie and the annealing 
treatment they recT'ive during cooling. 

Prices of Electrodes.- The cost of electrodes dejtends to somex-xtenl upon 


their siz^and to a lai^e extent upon the distance from the electrode factory to 
the electric ‘steelworks? In cases where the consumption of electrodes ij large 
and the cost of freight on the electrodes is excessive, it would probably jray to 
manufacture thS requirements at the steel works. It is found more economical 
to make electroefes at the woiks of Klectrometals Ltd., Welland, ( anada, where 
they manufacture ferrfi-silicon in the arc type of electric furn.ace, than to ])urchase 
them from other makers. ’On the other hand, if the consumption of electrodes 
is small, it would not be profitable to erect an electrode |)lant. hdectrodes 


suitable for electric steel furnaces cost as /ollows:— 


Carbon electipdes.14'/. to yi. per lb. 

Acheson-Gvaphite electrodes . bJ. to ly/. „ 

' “Journal of Industrial and Engine«ring Clicmoiry,” vul. i, pp. 286-295, 

• Ibid. • 
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SECTION IV/ 

FIfUXKS 

Limestane.—Limestone is "used more as a^flur^g material, both in the 
unburnt and ^mriit states, thas ^ a lining’ for furnaces. Somg prefer it to lime 
in the basic open-hearth furnace, as- (here is nd lime d\)st to act on the 
silica lining and blocks which would tend to fuse the fac 5 of the blocks and 
increase the wear. Limestone is so abundant thvoiighout the world ’ that its 
price is usually governed by the labour involved,in quarrying it anAin the cost 
of its transit to the furnaces. 4 differs, hov'eVer, in chemical competition, some 
deposits consisting almost entirely of carbonate of lime. Chalk for instance, 
when dried, contains about 99 per cent, of CaCOj. Other deposits, however, 
conbiin varying quantities of impurities such js silica, aliimin,!, mqgnesia, 
and iron. ' 

The following are some compositions of limestones:— 


TAIil.E XXVI 


Pkrckniagk Anai.ysks ok I.imfstonj-s, 


b >axcn liiiieslui 


Kii-.^tish—Derli) slure. 


3 - 

.Scotcli 

Harburn 


Lime .... 
Magnesia 
Ferric oxide . 
Alumina . 

Calcium carbonate 
rhobphoric acitl . 
Sulphur . 

Silica .... 
Loss on ignition 


5,V74 
o‘i7 , 
o-i8 
•0-32 

o‘oo6 

li.ue 

3'4 

42-42 


0-75 
6-5 
S5 46 

2’5 


0-75 

0-95 
‘95 25 

ro 


O'lb 

o'6 


93'92 
o 02 

O’50 


I. I sj(l at Ilcrrang (41 account of its high (luality. (“Journ.rl Iron and Steel Institute,” 
1902,1, p. 51). * , «■ 

2 and 3. ibscd in cupolas for remclting jiig non and scrap. 

Limestone, used as a flux in the lilast furnace,.requires'more co^e per ton of 
ore melted according to the impurity of the limestone. The presence of a large 
percentage of carbonate of magnesia in the limestone increases the quantity 
required per ton of iron produced, and, in consequence, the co^t' is greater. 

Limestone is also used as a flux in re-melting pig-iron ai»d scrap for Bessemer 
and other furnace metal. 

Price of Limestone. —Prices vary considerably, 'but the following figures 
give a fair idea of the range :— 

Britain . . . ... 2s. oV. to 64. od. per ton at furnaces. 

America . 24. bd. „ 64. 91/. t „ „ 

Germany. 24. id. „ 44. od. » „ „ 

* The production in rpll in the U.S.A. ajone was 18,203,882 tons,,the voluc of which is 
civen as/1,947,028. “ Mineral Indublry," 1911, p 4. ' 
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. Lime. —Calcined limestone is used extensively in all basic steel processe.s, 
and the purer the,lime used tie more ecopomical are the results obtained in 
steel making. The presence of silica in e\«e.sf of 2 per cent.^ in’ the lime, 
increases the amount required of the latter, and the i ost of manufacture, 'b'lie 
elimination of sulphur is also retaVded when silic.'r is present. 

Cost of producing-S^tk-v'Phe followyig cost' is given of the manufacture 
of lime:— * » • ' ‘ 

t ■ 

Cos I l‘KR 2000 l.B.S. 

’ J. ./ >. d. 


Interest on cost of pidnt and quariy 0 2! to o 10 

Taxes, minor supplies, efc. • . . . ' 0 5 „ 1 o 1 

Cosifof ipiarrying 2 tons of limestone . T 21 ,, ,i y 

Cost of fuel for burning. 15 .. 3 

Cost of labour (exclusive of ipiarrymen) . 1 o', „ 3 4 

« . . - . _ 

Total . 50 ,, 12 I 


_ , .. --.dcly different. The lower, it is stated, represents what 

might be attained by a good modern plant nm steadily, and under exce[)lionally 
favourable,ctmditions as regaids ipiarrying, fuel, and l.iboiir. for an out[mt of 
20 tons of bufnt lime per day, a kiln 43 feet high and 6 leet in diameter would 
be required. Different kinds of kilns arc used, those in which the fuel is charged 
in alternatis layets with the limestone rock, and those where the fuel is burned 
in separSte fireplaces. 

Time is sold at about ro.r. per ton. 

Fluor Spar.—This material is being used voiy considerably m steel-making 
as a flux. It not only pioduces a nipre fluid slag, but Us ])niiripal value is found 
in the elimination ol sulphur in the open-hearth piocess. It is being used 
increasingly for st(^l manufacture and sojne idea of its impoilance is obtained 
from the U.S.A. imports for years ending June ;^oth, 1910 and 1911 ■:— 

J910 16,561 tons, value _/, 12,650 

19”. 4 l,oof „ .. i.' 3 o, 9 l 7 

A duty of i2j'. (id. per ton was paid. 

In addition to im[)orts, the U.S..'\. produced 42,300 tons, the average markst 
selling price of which at Illinois in lyri was 2tir. ,p/. jicr ton. The grade prices 
were as follows :— 

Gravel. 3ir. 31/. per ton. '*■ 

Lunip. 37,r. 6,/. „ 

Groupd.5or. to 62s. 6d. „ 

The• following table* gives the output of fluorspar from Iho principal 
countries :— * 

' "Mineral Iivlnslry,” I905, p. 429. 

191 f, p. 269. 

• M. 
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TABLE XKVII 

Output Rluorspa^ in m 4 iric Tons 


• 0 

• 

1910. 

I9II. 

Au5tjia*Hungary . * . . 

» 

• ^,ODO(r) • 

• 

branee . 

8,262 


Germany. 

17,988(77) . 

23.073^1 

S,-ain.k 

180 

* —• 

U lilted Kingdom . 

62,607 

32.100 

United States .... 

• 

63,<*)0* 

42.300w 


(<j) Exports. (JeniKin production is not reported. 

(f) Estimated. 

The composition of fluorspar, as used for steel and iron manufacture, is as 
follows ;— 


TABLE XXVTII 

1Tr<:knta(jk Anai.vsks of Fi.uorspar 


Calrimn lluori<le . 
Calcium carbonate 
Silica .... 
Alumina . 

(Jxide t)f iron . 
Carbon dioxide . 


Kiiglish fluorsp.ir. 


78 4 

8-1, 

4-2 

o '5 

ro 


9552 

I 6 

3 -S , 

i'5 


Aiiicnc.m. 


83'5 1093-2 
OtfS o lO'O 
05 „ 8-0 


JL 


1 (7. “ Iron 7\i3o,” vol. 78, p. 1258. 

2. “ Mineral Induslry,” I9U, p. 269. 

The price jif fluorspar, broken to ij inches to 2 indies ring gauge, and 
delivered at tire furnace, varies in this country from abr. to per ton. 


SECTION V 

FUI-:t, AND EI.KCTRIC POWER USED IN SIEEL MANUFAfTURE . 

Fuels may be classified into four distinct sections; (i),Soli(ls; fa) Liquids; 
(3) Gaseous (all these are found in nature); and (4) Electrical Energy. A 
large proportion of the solids are used just as they* are found in their native 
state, namely, wood, peat, and coal. 2\rtiScial solid fuels, such as charcoal, 
coke, and briquettes, are produced from wood, coal, and peat, and find their 
place in steel manufacture. Ciquid fuels are not so abundant in nature nor so 
well distributed as the solid fuels. They have betn used, however, for many 
j^ars forested manufacture, particularly in the U.S.A. Gaseous fuels used in 
steel making are mostly produced fropi coal, although cok^-oven gas is also 
use4 and blast-furnace gases have been experKnented with for the same 
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purpose. Natural gas, found in certain parts of the world (principally in 
America) is also employed as a Ttel for 0[)en-heartli furnace work. . * 

Fuels vary in quality. It is sometimes diflitult to distinguish between fuels 
and non-fuels, as so many forms, of heat^iv'ing substances find tfieir way irgo 
use, some containing many more elements than carbon and hydiogen Jnd their 
compounds. 'I’hese element* lind compounds, however, supjily the princi|)al 
. heat in all fuels wB^n rapidly»oxidised by atmosiilVrric air. AU lands of fuel 
• used in steel pianufacture can be thorJli’ghly tested to find their heat v.alues, 
which can be m^sured accufately. Fuels arc generally selected for use- 
according t^ their calorific Value, freedom frorp sulphur and ash (when solids 
are used), and also from the pohiUoT view of economy. Sulphiii m fuel is a 
very objectidhable clement, particular^ in solid ftiels. Licpiid fuels and natural 
gas do not, as a rule, contain so much sulphur as solid fuels. 

The World’s Coal Production.—Cioal deposits are found m most parts of the 
world, .*lnd consi#t ]*rmcipally fif bituminous and anthracite coals, although what 
is known as brown coal, or lignite, is found in liberal amounts on tlie continent 
of Fufc|ie and in other parts of the world. 'I'he total ])rodurtion of coal for 
lyio IS given' in Table XXl.X', with returns for certain couiitrie.s for lyii. 

T.MU.K XXIX 

CoAi, I’liiuiucn'tos OF nil Ciini' Coc.siuii-s in 1111. Worid, in Mkiric Tons 


1 


Asia — 



Cliina. 

I |. 59 i,o<*j 

__ 

liidi.t. . ^ 

12,092,416 


. 

i4,794,2oS 

16,020,000 

a\iislrala-si;i— • 

Now Nouih W.ilfs. 

• 

S,.!' 4 t. 2 S| 

8,250,000 

Now Zoalantl . . , . 

2,242,520 

2, loO.oOO 

Other Au6iralas4(iii ('oluiiK-s . . .* 


1,7.10,030 

Kuri'pc— 



Au''Uia-IIiin|^ary *. 

38,oo6,.S{0 

40,116,743 

. 


2{,112,062 

I'raiM'o ... . . . 

:)S. 570,473 


(iernuny • . . . 

221,986,376 
400,000 ^ 

2 U, 250 ,oOI 

Italy . ^ . 

. 510.029 

Kus'-u . . . . f 

24,572,403 

— 

Spain*. . . 

3,550,000 

0— 

Swe^ion ^ 

2 I 0 , 7 O 0 ‘ 

—- 

Unilcd^l’Ciii^iloin . . •. 

264,505,207 

268,029,000 

Nordi America—* 

WcslcrTi Canada. 

6,446.33^' 

5,500,000 

Kastorn ,, •. 

6,564,930 

6,^2,000 

Moxigo . , . . ^ ... 

2,45'^ 231 


u.s..\. 

• 

445 , 8 i 6 ,ojo 

455.720,550 

.South Afika* .... . . . 

5,500,219 

- 

Other counlricT. 

, 7,000,000* 

• 

— 

1 

Total 

',I43.739.9<J2 

• 


Mineral Industry,” 1911, 151. * ' Includes lignite. 

* Includes Transvaal, Natal, and e.rpu of Good Hope. ' Means cstmiated, • 
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During the past five years the rate of increase in coal production has been 
constant in Germany and the U.S.A., namely,per cent., while in the United 
Kingdom it i^s only little over, 7*per cent. This rapid progress on the part of 
Germany is consistent with her increS.se in the output of steel. The following 
summary sjiows the aniounv ef coal produced by the three leading industrial 
countries of the world in the years rjjofiand 19ft S— 

• • ■ ... * * •* 

1911. •• Increase 

Metric tons. ^ Metric Ions. ♦percent. 

U-S-A. ..375/397,204 455.720,555* 21 

United Kingdom . . ., 25i,o5o,8<^ •26^1,029,000 • 7 

Germany. 193 , 533 , 2 ^ 9 , • 234,259,061 *21 

In America. —The output in America came from 28 States, three of which— 
Pennsylvania, Colorado, and New Mexico—produced anthracite coal as well as 
bituminous coal. From the State of I’ennsylvanis, 80 and 90 million short tons 
out of 80,389,306 and 90,490,356 short tons of anthracite,* were produced 
respectively in i9to and 191 r. The average cost per ton was 8r. .pf. in 
Pennsylvania, and Ti.f. 8,/. and 12s. CL. in Colorado and New Mexico 
respectively, the values in each case being taken at the mines. 

I he cost of bituminous coal at the mines varied from i6r. SL. in Alaska 
and Nevada, the highest, to 3^. 9C/. in West Virginia, the lowest. * il'hese were 
the average jmees in 1910 and 1911, c.xcept that West Virginia'was ^s. gl. in 
iprr. In Table XXX are given the average prices of anthracite and 
bituminous coal per ton at the mines in the U.S..\. fiom^ 1906 to I9it,and 
it will be obseived that the fluctuation in prices has not been very grea!. 


TABLK .N.KX 

AVRItAGE I'lilCES OF GOAL AT MINES IN U.S.A 


Klliil nf 1 ,, il ' 

.^iS 

lyie. 


a ,f 

, 

s. 


Anlhnicitc . . . . ' j 

7.1 

7 11 

8 0 } 

iJilumiiioiis .... 4 yi 

4 « 

4 

4 II 


Ihe amount of coke produced in the U.S.A. inipio was 36,094,769 short 
tons, and in 1911 33,349,754 short tons, the average price being gs. 7^. and 
gs. Jo\L. per ton resjiectively. The highest pricb was ^3*. 4!. per tcvr in the 
State of Montana, and the lowest “js. 11 XL. jier ton in Virginia. 

In Germany.-- 1 he three principal co.al-mining districts in Prussia are: 

(1) the Lower Rhine and Westphalian basin (by far the ipost important); 

(2) Silesia, and es])ecially Upper Silesia; (3) the Rlgmish district in the 
neighbourhood of Saarbrucken and Ai\-la.Chapelle. The fuel produced in 
Germany in 1911, in metric tons, was: coal, 160,742,272; lignite, 73,516,789; 
coke, 25,405,108; coal briquettes, 4,990,988; lignite briquottes^ 16,836,679. 

Other Countries. —While most otlmr countries of the world have increased 
their annual outputs during the [last five years, the coal production of Sweden, 
Belgium, and Canada (F 7 ast> has been ap[)roximat^ly the same each year. It 
is most interesting to trace the develo|)ment in Japan. In 1874 the output of 
coal was less than a quarter million tons, and in 1911 over 16^000,000 tons. 

The Uses of Coal. —Coal in various grades and qualities is used more or less 
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in each of the processes as a fuel for preliminary heating, and also as the 
principal source of heat. In thkold shaft furnaces for crucible steel meltini. 
anthracite coal was in common usj. A«l)art from the use of solid and crushed 
coal-for preliminary heating and recarburisirtg purposes respectively coal in ste»l 
manufacture is mostly used as an artificial gas supplied from the many Types of 
gas producers used in conneetibii with opep-hearlh and ctueible furnaces (see 
fhapter XXXI, on t^s Producers). In 'Pable .\X.\n are given tlje .Tiialyses ' of 
coals from dmetent iMuntncs • 


TAJ(l!l- XXXJ 

* 

ANAIVSI'.S of VAklilCs CoMS 



No I I ocality gr name offo.tl 


1 
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93 

5 
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1 
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6 
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1 

1 i 

7 
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; 
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! 
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Calorific Value of Coals.-In ’Pable X.X.XIl 36), the properties of lintish 
and foreign fuels are given, showing their jiarticular value as gas-produeing coals. 
It will be observed that the calorific values of the fuels vary from i s 150 1 ! 'Ph U* 
per b. with very strong coking peas to 7550 B.’Ph.U. per lb. wit’h the use of 
lignite nuts and jiess. , • 

Coke.— Coke is found more suitable for many of the steel-making processes 
man coal. In the Huntsman cnieible furnace, and in remelting pig iron in the 
cupola foT use in the lijssemer converter, it is always used. It is also used in 
blast furnaces a<id in oUer melting furnaces. 'Pwo qualities are prodticecr, as a 
1 ^ little use in steel and iron melting furnaces, as it is 

essential to haveTi dense and hard coke as free from sulphur as possible. In 
Ijroducing coke from'coal in one of the many types ol coke ovens specially 
■csigned for the purpose, the volatile constituents are expelled, leaviiv' a com- 
Justible fuel containing usually less sulphur and having a higher (alorifu value 
nan the coal from which it has been made. 'Pable .X.X.XllI (n. a?) ' gives the 
-oinposition of a few typical grades of co5c. 


• I’hillj[KSf “ Eleinenls of Metallurgy,” pp. 51-53. 

* Percy, “Fuels,” p. 417. 
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Aoi.t; XXX 

PeRCFNI XOR COMl’OslVlOM OF CoKK 


CJtil>on 
Hydrogen 
O and N . 
S . . •. 

Ash 


•Actual 

^inalysit 


85 -i ^4 

0-^2 

I 

Sd 

11 40 


KxcliAive of 
sulpluir and 
ash. 


97'Xj 

o 60 

I 57 


Anvial 

au.ilj'iis. 


91 ’3 
0-33 
217 

6’20 


Exclusive of 
sulphur and 
ash 


9733 

<^35 

2-32 


Actual 

nii-alysii. 


9>'59 
o .(7 
205 

5-89 


E«< Iiisivfl of 
sulphur .ttid 
ash. 


97‘33 
050 

217 


When ordering coke it is advisihle to specify tlic niaximimi amount of 
sulphur, vis. p'8 per cent, for use in melting iron and scrap steel in cupolas for 
the Bessenter jirocess, and o’6 per cent, for crucible furnaces manufacturing 
high-speed tool steels. 

Liquid Fuels.—As compared with fuels of other classes, liquid fuel is not 
used very rfluch in,steel making. It h.is been applied and is now used in 
furnaces for the manufacture of crucible steel, in small and large open-hearth 
furnaces, and in melting iron for the conversion of steel in the Bessemer process. 
In i 838 , J.ames Riley and F. W. Dick .secured a p«tent for the use of Mijuid 
fuel in regenerative furnaces, and .unce then many improvements have been 
made with the object of utilising oil economically for steel manufacture. 
I’erhaps the chief hindrance to its fuller use is its cost. For instance, in certain 
parts of the United States, such as Worcester, where the jirice of coal delivered 
is from J2S. (td. to i6r. 8r/. per tr^i, it is gencr.ally cheaper to use oil, but the 
fluctuations in tfte prices of oil, and particularly the increases during 1912, have 
forced some steel manufacturers to revert to producer gas. Some furnaces are 
therefore equipped with gas-producing plant as well as fitted with oil jets. 

The question of locality determines very largely the cost of oil, as in the 
case of coal prices. Booth states ‘ that oil at Baku costing 3 francs (2.f. fir/) 
costs 185 francs DFy 8r. fir/.) in France, making its use prohibitive. The 
difference of 182 ‘francs ii made up of railway and sea carriage, handling, 
customs, and warehou.sing. “Ninety francs out of the 185 is the cost^f duty, so 
that th’c ^me oil at ati Fnglish port would cost ^3 ifir. 

Apart from the question of cost, the use of oil as a fuel in steel manufacture 
has certain important advantages. It is generally freer from sulphur, docs not 
produce So much dust, and is therefore less troublesome than producer gas in 
regenerators and’flue'jj For oiien-hcarth furnace practice 40 to ;o gallons of oil 
are required per ton of steel, and in melting pig iron for Bessemer practice 30 
to 40 gallons are required.* 

The chemical values of petrols found in different parts of the world do not 
vary much in carbon and hydrogen contegt. Table XXXIV gives the ultimate 
composition of the chief available fuels.* 

* Booth, “Liquid Fuels,” p. 35. 

* Lewes, “ Liquid and Gaseous Fuels,” p. 42. 
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TABLE XXX^V 

Percrnj’aSe Analyses op Petroleums 



C 

H 

* • 

0 

Ahicrica ..... 

*4‘9 

137 

f 

CO 

Russia. 

86-6 

. >2*3 

ri * 

Romeo. 

87-8 

1078 

«1*24 

Texas. 

S5-6, 

1103 

3-5‘‘ , 

Caucasus. 

h4'9 , 

• 13 

'■45 

Burmah . . . . 

864 

12 I 

• 1-5 • 


Caloriflo Value of Petrol.—Comparing the calorific value of petrol yith coal, 
the former is 50 to 60 per cent, higher. The calorific valhe ‘of good gas coal 
varies from 5500 to 7000 calories per kilogram. The following table ^ves the 
values of liquid fuel oils in different localities:— 


TABLE XXXV 


Caiorific Capacity ok Liquid I'uei, Oils' 


Locality. 


•Sp. gr. 
u^C. 

Pcrccnlage Analysij- 

Calorific capacity. 

I' tiel. 

C 

„ 


Actual 

Calculated 






calories. 

calories. 


* 





per 

iwr 

Russian . . . 






kilogram 

kilogram. 

Pet. refuse . . 

0*928 

87*10 

"•7 

1*2 

— 

11,018 

,, 

Aslatki .... 

0*900 

84-94 

13-96 

1*2 

10,340 

11,626 

Caucasus . 

I icavy Cl tide 

'0-938 

86*60 

12*30 

*.-1 

11,800 

11,200 

Aincrican . 

Solid rc^idium . 

— 

97'S55 

0*489 

1*96 

8,057 

10,328 

— 

Scotcli .... 

B. F. oil . . . 

0*920 

ii 3'64 , 

t. 

10*59 

9-458 

— 


World’s Production of Petrol.—The chief oilfields in the world are found 
in America and Russia. Table X.XXVI gives the world’s output in metric 
• tons. 

TABLE XXXVI 


Peirol op tiik World (Metric- Tons) 



1910. ^ 

* * 9 'i- 

U.S.A. 

1 28,331,000 

29,0CJ0,OOO , 

Russia. 

». 954,793 

8,^90,000 

Dutch Fast Indict .... 

1 1,700,000 

1,^00,000 

(iaiacia . 

1,700,000 

1,300,000 

Roumania. 

1.354.300 ' 

1,540,000 

India. 

872,000 

1,043,000 

Mexico. 

542,400 

896.33* 

Other countries.. 

786,480 

1,000,000 

Total .... 

44.436.973 ■ 

1 

44.659.33* 


' Booth, “Liquid Fuel and its Appliances,” p. 281. 
’ “Mineral Industry,” 1911, p. 557. 
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• Natural Gas.— Natural gas is found in different parts of the world, and from 
about the year*i884 it has be^n used in -several of the States of America, 
namely, Pennsylvania, West Virginia, t)hio, arftl Jndiana. It is ^Iso abundant 
in 'Canada. In 1910 there were.828 proAicing wells in Ontario, wher(j gas was 
used for fuel and lighting purposes, and valued-at ;{;2So,5r5, or ai^average of 
io{d. per 1000 c.^ft. The'output in I5;ii was worth ^,tS9,22o. The gas 
obtained in Alberta*during i9fr was yahicd at >^20,140. On .the other hand, 
there was a fall in'the output^of petrol from it,056,337 gallons in 1910 to 
10,188,219 gallonsin 1911. 

The conipdsition of the gas varies,in different wells. Dr. lirislec' gives the 
following analysis as^an average Composition 6f a number of samples of natural 
gas occurring in Pennsylvania ;— * 


Methane (marsh gas, Clf,) 
•H^rogen (lf>) . . . . 

Ethane (CjHa) . . . , 

Ethylene (C«Hj) . . . . 

CO. 

CO2. 

N. 


67 % 
% 

5 

' % 

oTi 
o'6 "( 
3 -« % 


Several large open-hearth furnaces in Pennsylvania and in Ohio arc equipped 
for the supjily of« either natural or producer gas. Should the price of natural 
gas cxcaed that which makes it profitable to use coal, then producer gas is 
employed. Steel manufacturers as a rule contract for a consider.ablo period at 
an economical price, but they find it very convenient to have gas jiroduccrs 
attached and ready for use should the g.as corporjlions demand an abnormal 
jirice. • 

The gas is stored in suitable gasometers and conducted direct to the ports 
of the open-heartfl furnace at a pressure of about J lb. |)er s<|. inch, instead 
of being passed through the regenerator chambers, as was customary when first 
introduced. The gas mixes'with <he hot air from the regenerators, and burns in 
the furnace with a shorter flame and is less destructive on the bulkheads of the 
furnace than producer gas. 

In one large works in (Cleveland they were paying 7//. jier 1000 cubic feet 
in June, 1912, and found it more economical than coal. It was also being usqd 
in the large Talbot furn.aces at the works of Messrs. Jones ,Sr Eaughlin at the 
same period, and doubtless in other works as well. 

Cost of Electric PoweV,—The cost at which electric power can be gene¬ 
rated.or purchased is a very important factor in the economir.aT production 
of steel (by the electric furnafle. Where a good water supply is available and 
can be harnessed at a*modcrate cost, is usually to be found the cheapest source 
of powep supply. Unfortunately, water supply cannot always bo economically 
employed for djiving electric generators. Further, the districts in which this 
can be done are oft.«i at considerable or prohibitive distances from industrial 
centres where the power Js required, and the cost of transmission is therefore 
a very important item in the cost of supply. Where a cheap water supply is 
not available, steam engines or steam turbines, gas or oil engines are employed, 
the use of one or other depending upon prevailing conditions. Now that blast¬ 
furnace and coke-oven gases have been found Idaptable for power purposes, 
many plants are at work.whicli employ these waste g.ascs. Again, low-pressure 
steam turbines are being found economical for the generation of elecUricity from 
exhaust steam, and at work^ where steam plant is used considerably it often pays 

* “Industrial Chemistry,” p. 159* 
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to collect the exhaust steam from the thlVoreiil units and utilise it for the»iiro 
duction of power. ■ ' 

_ The selection of one prime mover* or another,must depend, lUcreforo, upon 
l^al conditions. Often it is more cciJnomical to purchase iiower. from'an 
electricity supply company or coriioration than ro-|.ay down plant .at the works 
where the power iiicquired. • 

Table XX.XVlHii. 40) gi\Vs an ide%of the varying costs of.eldclrical power 
production and cost. ^ ‘ * 

In the cost o^ production given it must he remenihereil that the rales of 
interest and aeiireciation chaigeal to a i.owa-f plant hy dilh rent works vary 
considerably also tjie charge wlin^i js made for waste gas, evliaust steam etc 
The cost paid by consumers of power depeiuis’also largely upon the 'circum- 
staneesof each case, such as power factor, load factor, conlimnty or otheiwisc 
of loag, and amount of currc4it roiisumcd. Special rates arc usually quoted hv 
I)OW'er supply comjffinics to works using considerable amounts, such as for eh'ctne 
furnace working. 

'Ihe following tabic gives the eiiui\alent cost in pence per k.w. hour and 

b. p. hour of power at aarimis latcs per k w. year anil bp. yeai. It is cal¬ 
culated on the basis of 365 days per year and 24 liouis (ler day. The cost of 
power pei; Tr.w. hour (or b.p. hour) is not neccssaiily i miiparalile with the 

c. juivalent co 5 t of a k.w. year (nr h p. year), and only holds good where the 
demand lor power is inactically continuous and steady tliroughmit the year. 


t • 

T.Mir.K 

XXWIIt 


.T OK ElKlTKlC.M. I'oWl K eki; K.W. V|.,\n AND Itoill!, A.NII I'KR 11. ]■ Vl 
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Ifock 
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£ pet 1 w jd) 

^ per Ii p ps,r.' 

1 Pi-nco per k w lionr. 

I’l iH-c prr h |) huiir. 
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1 ji. 1 ./ 

1 • 

— 

* 

0 1)11 

1 0-027 

0 020 

2 

1 I ') 10 
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0 041 

1 

i 4 d 

0 o,S2 

0 Oil! 


2 10 S 
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5 
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O-I ^7 

1 O '[02 

() 

4 ‘J <> 
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\ 0-12^ 

7 

5 4 5 

O'192 

' ^^'143 

8 

S 19 4 

0'2I9 

0-164 

9 

0 I.) 1 ; 

0-217 

0 (8^ 

lO 

7 'J 2] 

0 274 

O' 204 

11 fc 

Ji 4 1 1 

0-301 

0-22C 

12 

.S n; ol 

0 329 

0-245 ' 

IJ 1 

9 13 iii 

o*’yt;6 

0-266 

u *1 

10 "S lol 

o- 3 ‘'i 3 

0 286 

*5 1 

* "39) 

O'.) 11 

0-306 

1 

• 11 i.S 8! 

f>'4.3S 

0-^27 

1 

12 1 ) 7| 

o'.)66 1 

0 M 7 


13 S 

0'493 

O' 568 

« 

■t 3 5 -’ 

O' 1)20 

0-388 

20 

14 IS 5 

o'5,)8 

0-409 

2 l 

•'5 13 4 

0 'S 75 
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22 

3 . 

0'6o3 

0 450 

23 

>732 

0-630 

0-470 

24 

17 18 I 

• od 57 

0-491 

25 

18 13 0 

0-685 

0-511 

26 

19 7 II 

0-712 

o' 53 o 

27 

,20 2 10 

0-740 

0-551 

28 

20 17 9 

0-767 

o' 57 * 

29 

21 12 8 

, o'794 

0-592 

30 

2 » 7 7 i 

0 822 
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'SECyiON VI 

FERRO-ALLOVS 

Fcrro-alfoys arc manuf^ctitred products of iron m coraHnnation with one or, 
more of the following metals: aluminium, ^alcium, chromium, manganese, 
molybdenum, nickel, silicon, titanium, tungsten, uraniulh, vanadium, etc. 
The manufacture of these alloys has beoome^of con.si(lerahle importance and 
magnitude in connection with steel prpihiction. In every jirqpcss of steel 
manufacture it is usual to emiTloy one or more of the ferro-alloys according to 
the kind of steel required. 

Ferro-metallic alloys pci form at least two funijtions in steel manufacture— 

1. In promoting energetic chemical re.actions during Mie' removal of the 

various impurities while acting as deo.xidisiiig agents in the different 
processes of steel manufacture. 

2. In giving to the metal from which impurities have been removed, a variety 

of special physical and chemical proiierties according to the nature 
and amount of feiro-alloys .added. * • 

Classiflcation of Ferro-AIloye.—Ferro-alloys m.ay'be conveniently grouped 
into two classes, {a) common, and (/<) high-grade alloys, the first being usually 
employed when making carbon steels, and the second beiniJ used for special 
steels. 'I’here are cases, however, where alloys in regular use in the manufacture 
of carbon steels ate employed in making special steels, i c. ferro-manganese, 
which is invariably used iij some degree in ordinary carbon steels, but is also 
used for maiigancse steel. , 

The feiro-alloys commonly used in the first group arc; Spiegeleiscn, ferro¬ 
manganese, ferro-silicoii, and feiro-alpminium ; and in the^econd group such 
alloys as the following ; ferro-nickcl, ferro-chromc, ferro-tungsten, ferro-titanium, 
ferro-molybdcmiiii, fcrro-uraniiTiii, and ferro-vanadnyii. 

The Manufacture of Ferro-Alloys.—Since the introductiofi of the electric 
furmace, feiro-alloys cont.aining much higher percentages of the metal or metals 
alloyed with iron have been produced. F'ciro-alloys are now also much freer 
from foreign and injuiious material-, which have the tendency to introduce 
impurities into the steel. The higher percentages of the alloyed metals used as 
deoxidising .agents hasten more rapidly the chemical actions in the steel being 
manufactured, and absorb less heat iii doing so than allo)<> containing lower 
percentagei of the same metal. Then, again, advantages are found in using 
alloys containing high instead of low percent.agcs of tfec metal which it is 
desired to .adii to the steel in the form of permanenP additions. A smaller 
quantity of the former is naturally required to produce" the same result, and 
consequently the loss of heat in melting the additions when added in •the solid 
state is minimised. This is often advantageous where it is mipbrtant to maintain 
the casting temperature of the steel. * 

Particulars and Analyses of Ferro-Alloys. Spiegeleisen.—This is a low 
gr.adc of ferro-manganese containing usually from lo to 25 per cent, (and some¬ 
times higher) of manganese, with about 5 per cent, of carbon. It is made in 
several grades, and is used very largely in the manufacture of Bessemer steel. 
Its introduction for this purpose by Robert Mushet in the year 1856 was of the 
highest importance in developing the Bessemer process in this and other 
countries*. F'erro-manganese is now being used in conjunction with spiegeleisen 
for Bessemer and other processes of sttel manufacture. In ’fable XXXIX is 
given typical analyses of English spiegels. 
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TABLE XXXIX 

PltSCENTAGE ANAIYSES OF ENOy^II SrlEjH 5 (r)AR\VV>) AN1> MusiVn)' 


Sample. 

Mn 

i i 

'• Si * 

! '• * 

, s •* 

- 

-- . 

0 

^ • 


• 

I 

4p75 

1 . 5'2o 

* “’"S . 

0 0 (>) 

Nil 

2 

29 ’ 1 1 

1 4‘9‘) . i 

o* 4 i • 1 

0074 . • 

NjI 

3 

(*4*40 

4 

o-ijo 


Nil 

4 

,9’25 

! ' 3'9,S 

o'4l 

0 <.)(»0 

'I't.U (• 


The price of spiegeleisen averages from jCfi lo £,(i tot. per ton. 

8 ilico SJ)iegel.—This alloy consists mainlf of silicon ami manganese in 
various proportions, and is found useful as a dco.xidising agent. The following 
is an average composition.' 

Si * C * Mn S r 

Ie’ 5 i-I 4 ' 6 s ■■0-r3 i9 t<)-24-.t8 o-oi8-o-o;5 o’l.'-o'i.j pe-r rent. 

Ferro-Manganese. —Ferro-mangnnese, commonly used in steel mamif.iclure, 
contains about 8o per cent Mn. (leneially, the Fnghsli nialerial is lower 
in phosphiyus than that obtained from the fioiidneiil. It is used in cases 
wheie It*is,undesirable to materially increase the carhon content of the 
metal (as happens when S|)iegel is added), and is of gre.il nii]ioilance in the 
manufacture of giangancse .steels. Typical analyses of Kiighsli feiro manganese 
are givegi Ifelow t 

T-Mit.l-: XI. 

PfRIRNTAI-K ANAIISFSOI. I'.Mll isll I'l HRO-M\Ni; INFsK 


.s.implc 

1 Mu 

^ i 

1 • 
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Uro 

6-4 

0^6 

! o’lo 

! 

2 

7u 0 

(> s ; 

u 7 

i 0 M 

i 

3 

bo 0 

u. .... 


0 S 

0 iS 

' (MX)} 


The average puce of feiro-niangaiiese (80 per leiit. .\ 1 n) 111 1907 was 
/,'i 5 IOC. per ton, ami 111 1908 it dro|)ped to /,’8 per ton. 

Ferro-Silicon.— This was formerly iii.ide in the blast fiimace as a highly 
silieated pig containing from 10 to 12 per cent, of sihion. l!y this iiulhod’of 
manufacture, in which imich more fuel is used than with onhiiaiy pig iion 
manufacture, mofe phosphorus and sulphur are imparted to the alloy, rendering 
it less effective than ferio-sthcon, which i.s produced by the eh clric*furnace from 
highly silicious rock., and coDtains up to 90 to 95 per cent. siIkoii. The follow¬ 
ing are percentage analyses of English blast furnace ferro-silicon ; — 

. *. TADf.K XLI 


Enui.hii Biast Furnack !• 

rKRO-SlI.K fil 

(Darwys 

AND M'lSI YN) ’ 

Sampl;' 

i 

, c 

1 ; 

Mil i 

1* 

j s 

! >c 

1 

i 7 'o 

0-9 

L‘5 

0 oS 

1 0 04 

t 

So'4 

2 

'3’45 

r2i 

' r 71 

0 05.S 

0 02 

«3’5 

3 

ns 

1-5 

J 35 

0 05S 

0 1 

!!S'5 

4 

8 1 

, 175 

2-2 

0 056 

0 045 

87-8 


, ' “ Foundry Tr.ide foufnal,” 1907, p. 424. 

* “ Jcnrn^l Iron and Steel Inslitule,” 1901, I, p. 630, 

* “ Foundry Trade Journal,” 1907, p. 424. 
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Berro-silicons made in the electric furnace contain 25-30, 45-50, 75-80, arid 
00-95 per cent, silicon, of which Ihfi follorying are typical samples :— 


TABLE XEIl’ 


PKRCBNrV.K ANAIVSF.S/'F EKBTiAiSl 1 ICONs (Bi.ackwkii, ^>N'S S Co.)' 
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* ^ 
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" 1 

327 ! 
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0-27 1 


• 005 

4 

O'OJ 

66-6 

2 

48 7 

009^ 

0 13* 

0 04 

• 0 Oy • 

51-0 

3 

758 I 

0 0 

O'l I 

0 02 

0'02 

24 0 

4 

94 8 ; 

O'O 


001 

0 02 i 

5 'i 


The lower pereenlage alloy (25-30 per cent. Si) is used with advantage in 
largo pieces in the open-hearth and Hessemer jirocesses, without greater ICss of 
silicon than when 10-12 per cent, silicated pig iron is used. It is added to the 
steel as a rule in the furnace, hut sometimes in the ladle before the steel is poured 
into it. 'I’he former ])rartico is the most common. 45-50 per cent.fferro-sihcon 
has a lower fusing point than the 25-30 per rent, alloy, and is, tberWorc, more 
energetic in deoxidation, hut being less dense it is liable to be held in the slag 
layer when added to the charge in the furnace. , 

Ferro-silicons are most useful in the manufacture of silicon stcFls«sed for 
electrical transformers. The ])rice of 50 per cent, ferro-sihcon in 1908 was ^19 
per-ton, in 1910 ^Tr per ton, and in T912 ^12 per ton. 

Ferro-Silico-Aluminiuirf—It is common in most of the processes of steel 
manufacture to use small percentages of ahiminium rather than an alloy of it, 
such as ferro-silicon and aluminium. This alloy contains about 45 [icr cent, 
silicon and 12 to 15 per cent, aluminiirtn, and is employed wifii the same object 
as other deoxidising agents. U would appear that for the most part it is used 
in steel manufactured in the electric furnace tc remirve oxides in the metal to 
the shag, producing at the same time very iKpiid silicates of iron and aluminium, 
which make the removal of the oxides more raiiid and complete. This alloy is 
also added to the liiiuid steel in the l.idles and shanks before their contents are 
laoured into moulds, thus subduing any “ lively ’’ or “ rising ” tendencies in the 
steel when cast. It performs the same function as aluminium, but perhaps more 
effectively. ^ 

The follpwiiig compounds associated more or less with iron are also used in 
steel manufacture for deoxidising and “ physicking ” the charges ;— 

(1) Silico-manganesc-aluminium,“ containing 

Si 18-20 or 9-11%. 

Mn 18-22 or 9 -11%. 

A 1 9-12 or 4-5-6%. 


(2) Silico-calcium-aluminium,'' which has an average composition ot:— 


Si . 

• • • • 

Xfg . 

. . about 0-35%. 

('fl . 

.... 18-22"% • 

Mn . 

. . „ 0-22%. 

Fe . 

.... 12-15"% 

S . . 

• • „ 075%. 

A 1 . 

C • . 

. . . . 4"‘5 %• 

. . . . I- 0 -I’ 2 %. 

P . . 

0'03%. 


• " Soci 


* “Foundry Trade Journal,” 1907,^. 424. 
A 4 Electro-Mclallurgique,” Uginc, France. 
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• The use of this alloy is limited to the manufacture of hinh quality steels)>as it 

is rather expensive. In addition to its use as a dcoxidiser, it is very valuable in 
assisting desulphurisation of the steel.’ * , , 

• The average price of metallis aluminihm in 1907 was ^,'190 per Uii, but’ in 
1909 the price had been reduced to about icrr. [ler ton. > 

Silico-Manganese.—This Slloy' is usually made in two compositions, con- 

■ e 

Si Fc 

.2.;-r5%. ■ about 19%. 


sisting of 

(o) 

(I') - 


’ Mn 
60-70%. 
50- 60%. 


These alloys arc employed as fixed additions in steel manufacliiio, .and are 
sometimes more conveiiiciUly used than the se[)ai.ite alloys, jiaitn ulaily when 
the Si and Mn in the finisherj, product bear the same proporlinn to one anolhei 
as that in the ferriJ-alloy. lloth alloys contain about o'i5 percent, of carbon, 
and arc very low in sulphur and phos[)horns; they are theiefoie applicable to 
the inanufacture of high-quality steels. 

Ferro-Chrome.- This alloy is usually made in the electric furn.ice, and 
contains about 60 per cent, of chromium. Clironnte (I'l t t,l'i;( ):i), the ore from 
which it i^itiade, contains in the puie state ap|iro,\iniately 6.S per cent, chroinio 
acid. Crude Ores containing various iiercentages of ehioinie ai id are found in 
Turkey, Caledonia, Canada, India, South .\fiica. New South Wales, and the 
U.S-A. Tlje or* from New t'aledonia cont.rin about 56 per rent, ol Cr;Oa. 
The priiK of the alfoy depends upon the cost of the ore. In 1906 the prue of 
ore with 50 per cent. CrjOti was 70V. per ton at an ICnglish or continental port. 
In 1893 it was r lor. per ton. „ 

Ferro-chrome is used for impacting to the tinishcd steel s|>ecial hardening 
properties, and is a eominon associate with niikel in steel used foi jirojectiles 
and armour platej. It is also used in Jool and othei steiK. The lollowing 
.analyses'^ arc typical of high and low carbon ferio clirome alloys made in the 
(Iirod electric furnace. ” 



Cr 

Fe 

C .Si 

Ai Mn 

Ca S 1 > 

(I) 

54'5 

2 2'0 

9'5 2'-’5 

o‘8o o'15 

02s 0 0 t 0 03 pi r Cent. 


63'5 

35 '° 

0'6 o'2o 

O' 10 010 

0-35 0-03 002 „ 


'I'he selling price of ferro-chroine (60 per cent. (T) vaiied from to 

pC3o in 1906, and, from %, 18 to %'2o in 1911. The price vanes with the i arbon 
content, the following prices being jiaid duimg 1912 ;— • 

. , L . •! 

60% fcrro-chromo containing 8-10';,', carbon . . . . 16 11; o 

60% . 1, • 4 "o „ ■ . . 19 o o 

60% „ ,, 2 "'0 max. caibon ... |8 o o 

Ferro-Tungsten.-i-Tungsten h.as been used for over forty years in the 
manufacture of tool sterl. Robert .Mushet discovered the self-hanlening 
properties tungsten gave to steel, jnd for many years no tool steals could be 
produced to equal Mushet steel. The tungsten tool steels made to-day are 
almost too numerous to name. Some high-speed steels contain as much as 
20-25 cent, tungsten. Ferro-tungsten is produced (rorn wolframate of iron 
and manganese, and in tlje commercial condition contains about 70 per cent. «f 
tungstic acid. Tungsten ore is found in Now South Wales, the Argentifie, Ifra/il, 

r n Societe Klectro-Mel.vnurgKjUo,” Ujyinc, France. * Ibid. .. 
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China, the U.S.A., Straits Settlements, Spain, Portugal, Britain (Wales and 
Cornwall^, Bohemia, Saxony, etc.. The following table' gives the composition 
of ores from various countries«—■* 


TAIiLE XLIII , 

PEKCKNiitf.B Analyses or Tuncsten Ores,* 



.Sp.itiiih. 

• 

vXubtrAlLkU. 

« 

Iloht mi,)> 
(/mtiw.ilrjJ. 

United State"*. 

wo,. 

fi 4 'i^ 

14-23 

7176 

• 63-20 

8I10,. 

0-68 

057 



MnO. 

6-42 

*'31 

i6‘^o 

no 

FeO. 

10-88 

j6 7t , 

yOo 

20-36 

Sit),. 

7-71 

3 ' 2 i 

I 6<^ 

15-00 

Alp 1, . 

5',;2 

2 ' 3 « 

— 

— 

CaO. 

r2i 

I 21 

2-28 

-• 

MgO. 

3ifi 

7-16 

— 

— 

CuO. 

0 3,S 

rai 

— 

— 

CO2. 

— 

2-05 

— 

— 

F. 


-- 

— 

9, trace 

^. 




« 0-50 


perro-tungsten is made in the electric furnace, and is difficiJlt to obtain regu¬ 
larly. Clienncally prepared tungsten powder is still used very largely, Irltbough 
it is being replaced by the metallic alloy.“ Ferro-timgsten alloys contain from 
50 — 85 per cent, of W. rVi average analysis is as follows ;—“ 

W C Si Mn Fe * A 1 1 ’ S 

72'5o 175 o'33 o'8o 23'39 o'ob o'oi o'ot percent. 

It rcipiires from r-io — tgj units of WOa as compared with a theoretical 
consumiition of rao units, to produce roo jiarts xif 98 per cent, tungsten. 
Taking ore at 2hs. [ler unit, and the average cost of making tdiigsten at ^90 
per ton, the selling price eipials X tgo -f- /^(jo - jC2’]2. When ore was 
at 40.f,, the price was ^{,'400 per ton. The price m 1906 was ^r4o, and during 
1^12 the price has varied from ^252 to^'300 per ton. 

Ferro-Molybdenum. -This alloy-is produced from the sulphide of molyb¬ 
denum (MoS-j), and from wulfrcnite (PbjMoC),), lound princi|)ally in Scandi¬ 
navia, Japan, U.S.;\., and .Vustralia. Both minerals are rathtr scarce, and the 
production of the ferro-alloy is very small. The pure ore contains:— 

Mo S Fe ‘ SiO*2 

(r) 6o‘o 39'o 0 75 o'4 per cent. 

(2) 59-5 39-0 o'9o 0-4 „ 

Ferro-molybdenum is manufactured as iiowder, and alsj in the solid metallic 
slate. The powder is m.ade to contain the following M— 


Metallic molybdenum . 
0.xidesof 

Iron. 


93'39 % 
070 % 

2 ■('3 '% 
I'So % 


“ Foundry Trade Journal,” 1907. 

“Journal, Institute of Minmi^ ,ind Metallurgy,” Jan. i8tl^. 1906. 
“ Foundry Trade Journal,” 1907. 

“Journal Iron and Steel Institute,” 1911, III, p. 69. 
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Carbon (total) 
Silicon . . 
Manganese 
Sulphur. . 

Moisture 


o' 5 -t % 

0-01 % , 

O'115*'^, 


« 

Ferro-molybdeiiAii made by the elocttic proces^.comains 3 a pr^ cent. Mo, 
■2 to 4 per cent..of ejAon, and is iiracli'cany free fiom mipuiilics. ’I'ho average 
analysis is as follow#;— 


.Mo •I'e C Si A 1 . * Ca . Mn S I> 

75-0 #'5 4'o o’2 o r *o‘i5 o'»5 003 o'o; per cent. 


It is used considerably 111 tool-steel mamifaeture, ami in .issociation with 
one or more metals,^uch as iiitkel, chiome, and tungsten ; it is lotmd valuable 
in steel used for motor cars and m various pails of toipedo bo,its, submarines, 
etc. I’he price of ferro-niol)bdc iium m iyo6 was 51 to fo. pel ll>. of Mo 
content in the alloy, and m 1912 the arei.ige price was about the same liguie. 

Ferro-Vanadium.—Of recent >ears vaii.idniin lias been lound to give 
peculiarly valuable properties to steels even when adiled 111 siii.ill (len eiilages. 
It h.is beei» used very largely for high-s|)eed tool steel in association with 
tungsten, molybdenum, etc. It is iiiepared from vaiiadiiiite or i hloro vanadate 
of lead represented liy the foimula 3(l’b,iVj(»,)-I-J'bt'le, and contains about 
19-35 per cent, of 'im pure slate.’ 'I'lie ores .iiliially used lor the 

manufacture of ferro-vanadium contain about 10 jier cent. VjO,. 'I'lie oies aie 
found ill Spain, AigeiUine Republic, Me.vico, and Swede 11, and vary in com- 
jiosition. The following is the analysis' of a Sp.iiiislf vanadium ore :— 

• 

VsOs I’b SiOa Fed)., .APt.la MnO As^d,-, P,iCu 

i2'2o 5i'27 i<' 3 o 10 14 3 'i 5 • -'^9 ■ t i 10 o 50 per cent. 

The ferro-alloy is made witli vanadium in pfoporlioiis v.iiyiiig fiom 25 to 
50 per cent., ancUcarbon varying bftween 0 3 and 5 percent, llie .ippro.simale 
average analysis of the alloys aie as follows i— ■* 

V be C .Si A 1 Mn P S 
50 % quality 55-0 .)o o 4 0 0-30 o'lo o'yo 0 04 0-03 [ler 1 cut.* 

^31030% „ 34-1 64-22 1-42 012 012 012 0-009 0-03 

Ferro-vanadium* varies cojisiilerably in price, aceoulmg to tlic ijast of the 
ore, Jn 1907 the selling price of the alloy (46 per cent. V) was loi. per lb. of 
vanadiumjn the alloy.* ,Iii Jufle, 1911, the price was 17a. 6./, and during 1912 
the price varied from 9*. to ii .r. pci lb. of sanadium. 

Ferro-Titannim,—berrrj-titanium is produced in two grades---liigh and low, 
but it would app’tyr that it is diliicult to manulacttire alloys containing a very 
high proportion of titaiiium, owing to the dilticulties ol fusion on the one hand, 
and the losses by oxidation on the other hand. For these reasons “ The .Societc 
Flectro-Metalliirgique" have discontinued the matiufacluie of the high-grade 
ferro-alloy, making only ferro-titanium coiitaiiimg from 15 to 20 jie-r cent, of 
titanium. • 

In the U.S.A. 8000 tons of ore were mined in 1910, which produced 566 
i-'iis (i ton = 2000 lbs.) of concentrates carrying from 75 to 98 per cent, ol, 
'I'lO;. 

* “Ji^mal Institute of Mining and .Mtlslliirgy,” Jan. i 3 tli, 1906. 

’ “ Foundry'I’racle Journal,” 1907. 

* "Socici^ Electro-McHallufgniue,” Franco. 
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^'itanium is said by Dr. Ldon Guillct * to be of interest only from the point 
of view of the elimination of nitrogen. It has no appreciable influence on the 
mechanical properties; the Jeitsile strehgth of steel containing titanium is 
possibly slightly increased, and the cheingation, slightly diminished. The elastic 
limit and sesistance to shock arc unaltered. 

The following are typical analysi^s of low and high grade ferro-tilanium;— 

Ti * ■ C Si’ ' S » 1 > he (by diff.) .\j{ M Mn 

Low n-21 o'h; o'37 o’oy o'o.( gyhS — —’ percent. 

High 5i'30 2'82 — 0'047 002r 44'r9 i'i2 o'yi o-oS „ 

• 

The low-grade alloy is usiialfy .sold pdr llj. of alloy, but the^higher-grade 
alloy is sold per lb. of titanium. The average price during 1912 of ferro- 
titaniuni containing 15 jier cent. Ti was bJ. per lb. of alloy. It is used very 
largely in the LJ.S.A. in the mamif.ictuu; of steel fpr rails. 

rerro-Niclcel. -Nickel is produced almost entirely lreo*from iron, and also 
in the form of a feiro-alloy. It is made from nickeiiferous magnetic and 
copper pyrites, containing very low peiceiilages of nickel, the aveiage being 
about 5 per cent. 

The following arc the average analyses of nickel and ferro-nickel 


T.VHLK XI,IV 



Ferro-nickel is also m.ade to contain percentages of nickel as follows 
25, 35, and 75 per cent., hut the nickels almost free from non, as given in 
an.alyses Nos. r and 2, are most frequently used in steel manuf.ictiire. Nickel 
is used in various ])ropoitions m nickel steels, and with other metals such as 
chrome, molybdeiuiiu, vanadium, tungsten, etc., in tool steels. 

The price of nickel in December, r907, was about ycr ton, and during 

1912 fronH^if'S ft) per ton. 

Ferro-Phosphorus.- -This alloy is used to enrich phosjihonc shags prpduced 
in basic steel furnaces so that they may he made of greater commersial value 
for agricultural puiiioses. Knglish made ferro-phosphorus used for the above 
purpose contains''-- 

P he Si C S , Hfn 

(r) 24'o 73'3 2'47 o'og 008 oio]ierccnt. 

(2) I 7 ' 5 o 7h'i2 0-42 0-27 5'75 

An account is given* of the use of ferio-phosiihorus which was made in 
England and used in steel mamifaetiJre at the .Sharon Steel ('o.’s Works, Pa., 
U.S.A., for black tin plates. It was found that in “ pack ” rolling of thin plates, 

• 

* “Journal Iron and Si'.cl Tub'ilule,” 1906, If, p. iS. 

* “ Kt'undry Trade Journal," 1907. 

* “ Mclallurgio,” vol. vi, p. 12S. * 

* “ Iron Age,” May 7lh, 1903, p)L 29-30. 
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the’opening of the pack was facilitated by the presence of phosphorus in <he 
steel It is not stated what percentages of phosphorus were found to give the 
best results in the material used for fhis purpSse, The analyses gf the ferro- 
phoSphorus used were as follows • , 

^ Mn Total 

0 76 % <)<)'<)<) [Htr cant. 

064 <)ty $6 „ 

charge by the addition of the ferro- 
phospho-maiiganese supiilied from 

• 

Si Total 

I 100 iier cent. 

Ferro-phosphoriis is also used to increase the hardness of some basic steels, 
it being found benefn lal in tlic material wben employed for purposes where 
screw threads have to be cut. 

It is ratlver singular that very good results are obtained from the use of steel 
containing froni o'l to o’i5 per cent, of sulphur for the inamifai ture of bolts 
and nuts. Better threads are produced and less “ dr.igging ” of the material 
takes place when ‘cutting the threads. It is absolutely essential to have the 
sulphur present in the form of manganese sulphide to prevent red shortness in 
tolling. 

It IS very remarkable that both phosphorus and sulphur should possess 
such virtues, seeing that their pfesence in steel for most purjwses is 
injurious. 

Miscellaneous lAlloys.-Many other alloys are now produced for use in 
steel manufacture, among others being those set foith in the following 
table 

TAHU: XlaV 


p 

Fe S» C 

• * 5’56 . 

^■40 rgb 114 

70(66 I'So 1'2D 

• 

In order to prevent a chilling eft'ect in the 
phosphorus, experiments were mndy'with 
England havifig the fbllowing analysis f— 

Mn 

P Fo C 

65 

is r » 


This cvnt>osiiion gave belter results. 
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1 AlS.y 

1 

1 

! 

Mn 
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S : tc 

1 1 
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Cr 

Nl 

W 

M.j 

Mi 
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Calcium silietde . 

1-14 

Vio'S 

i 

0 22^0 036 

i 

0 014 1 rK 

1 ! ' 

2 ' 55 | 





L'2(') 

1 

Silicon^chromium 

3 40 ' 

1717I 

|0 7oj 

— 

O'OI 2 S' 2 d' 


50’2 

— 

— 

- 

0'24 

— 

Chromium molybdenum * 

' 1,5 

- -* ! 



— 

_ _ 1 

(30’O 

— 

1 — 

5o'o 

— 

-- 

, ( 

1 

0 i5 






2^0 WO 




Nickel tungsten 

pio 

t-j ' 

1 



1 . - — 

- 

lo 

1 to 



•- 

. 1 

;io 

0 5 °: 



1 1 


150 0 

750 




. 1 

o '5 

0-2 5 

1 




1 

i 25 -o 


600 



», molybdenum .i 

to 

to 


— 1 



-- j 

! lo 

-• 

to 


— 

1 

to 


1 



: 1 

j 

$0‘0 


70'0' 






I 



■ I 

720 






chromium 

ro 

0-25 

— 

»■ ■ 

— 


' to 

[24'O' 

— 


■ — 

— 


t 





I 

75 'o 


i 




Ferro-boron . . 

1 

TtiSS 

— ' 

! 

O'OJ 

(^■005 — 
i i 

i 1 i 


— 


— 


320 

1 


Aniilyscs^by G. Watson Gray, F.I.C., Liverpool. ♦ 

Ferro-sodium is also used, and is gejierally sold with 25 per cent, metallic 
sodium and free from lime of an excess of carbon. 
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,We give below, in Table XLVI, average prices at which Ferro-alloys were 
sold in Britain during 1912. 


TAl'LE XLVI 

Avkraok Prices of Kerro-Alcovs in Uritain, 1912 


Ferro alloy. 

Price per lly 

1 nee per ton. 

^ Scale. 

f • 

SjMcgclciiscn (20''/ Mn) . . 


• 

£(> t.. £<} loj. 

• 

I'crro-inangancsc (8o% Mn) 


. £^ 0. 

•- 

Fcrro-silicon (50% Si) . . 

. - 


|Basis45r. 5 j. 6j’, per 1% 

1 increase decrease of Si. 

Ferro chrome {Oo% Cr c<>n-i 
taining 8 10'/ Carlmn) . f 

- 

£if, IS!. 

1 8j. per 1% increase or 
\ decrc.xsc t)f Cr. 

I'crro-chroinc (OoV Cr cod-I 


t'O 

i jpt. per 1% increase or 

1 • decrease of Cr. 

laining 4-6/,, (Jarlim) .) 


F'crro rhronif (60% Cr con-l 


/ 4 .S 

1 20J. per 1% increase or 

tammg 2% max. (.arbon). 1 

2r. 3./. lo 2s. 8./. 
l>Li ii). of W. 

\ decrease of Cr. 

Ferro-limgsttn . . . 



l''crro-ni(>lybticninn . 

5f. 61/. per lb. uf iNfo 

- 

_ 

I'ciro-vanadiiim . . | 

9 f. to Ilf. |ier lb 
of V. 


• 

• 

Fcrro-lil.ximiin {15/^, I'l) 

6./. per lb. of alloy 


_ 

Calcuiin silicnic .... 


- 





•PART I 

THE CRUOIBLE I’ROCKSS 


CtlAPTI'R III 

CKVCnsri; sieki. mam'factuhe 

Historical. - The; ciuriblo process is the oMest of the four leading present- 
day methods af sli cl m.iniifaclitre and held the siipreine position in the steel¬ 
making Industry for over one hundred years, until liesseiner hroiiglit hi.s 
converter proce.ss before the notice of the world. To this day the rrucihle 
process still occupies the premier [losition m the manufacture of the highest 
qualities steel. * 

Since the year ryqo, when Hcni.imin Huntsman iiilrodiieed crurihle .steel 
manufacture into Shellield, many motlilications in the i«i.xtures used and methods 
adopted, have been brought out from |ime to time.' 

Huntsman's original method of melting blister or other highly carbonised 
steel is the one still adopted m Shellield /or the ni.imifaeliire of high carbon 
steel, together with the modifKations introduced by .\lushet. Heath, anti V'lckers, 
of melting iron with charcoal and manganese. 

In Ameiiea, tile prevailing niefiiod is to carbonise the charge to the [ler 
centage required, by the introduction of charcoal, the carbon from which being 
rapidly absorbed by the bar iron when the latter is melted. 

For the production of crucible steel castings, the “ pig and scrap” method is 
employed, the materials being mixed m such proportions as will give the desired 
carbon percentage to tbe resulting steel. 

The “ pig and c^e” method has also been tried, in which the jiig iron in 
small pieces is melted togethcT with iron ore. This does not ajipeaV to have 
been adopted to any latge extent >n crucible steel manufacture. 

In all «the above methods the metal was, at one tune, tranquillised or 
“killed” by keeping it'in a molten condition for a sufliciently long time to 
ensure sound ingpts. With a view to shortening the process, Mitis hroiight out 
his method of “ killing ” the molten metal by adding to it a small quantity of 
ferro-aluminium or aluftiinium immediately after fusion, the metal being ready 
for pouring a few minutes later. 

Several other methods have been suggested and tried from time to time, but 
all have been more or less a combination or variation of the iireccding 
methods. * 

With a view to adopting the crucible process for the mamifactiire of high 
quality steel from cheap materials, basic crucibles have been tried, but Jhey do 
not appear to have met with success. 

* See paper read by Mr, {now*Sir Robert) lladfield before the Iron and Steel Instiuitc 
in 1894. 



52 


LIQUID STEEL 


<■ General Eemarke. —The advent of electric furnaces has arrested, in Some 
degree, the development of the •crucible steel process, but not, it would appear, 
to the extept looked for by ,thd advocates of the electric furnace. One of the 
chief hindrances in the progress of “the electric furnace is the cost of electric 
power required in the process, and it is therefore in the manufacture of higher 
grades of steel such as are made hy the crucible process, where most is expected 
from the Electric furnace.'” There is^io.qucsticfh about th€ quality of steel that 
can be produced in this latest typo of furruice, but tht'name “ crucible " has 
been associated so long with what stands for the very best qualities of steel, that 
some users will have no other, belicvwig that other steels mustooecessarily be 
inferior. ' ^ ‘ 

Another rival to the crbcible process is the small surface-ltlown Bessemer 
converter, which is being used increasingly for the manufacture of high quality 
steel for small and intricate castings hitherto mjde by the crucible process only. 
It is found that when pig iron and scrap containing low (jercentages of sulphur 
and phosphorus are used, a very good quality of steel can be produced at a 
tem|)crature almost equal to that obtained in the crucible furnace and as suitable 
for the purpose required, as well as at a considerably lower cost. 

The use of what is known as the “ baby ’’ type of 0]K;n-hearth Siemens 
furnace is .also being .advocated as a substitute for the crud'oje process in 
producing steel for castings such as are being made by the small Bessemer 
converters. From the reports of results obtained from this furnace, it .ai)pe.ars 
that the crucible furmace has also a formidable rival in the small open-hearth 
furnace for the manufacture of high quality steel castings.' 

Manufacture of Crucible Steel.- For the manufacture of tool steel which 
varies in carbon percentage from o 5 per cent, to I's per cent, .according to the 
temper of the steel requned, the m.ateiiijls used must be carefully selected and 
proportioned. (See Cli.apter XI for typical analyses of materials, proportions 
used, and iiualities of finished steels.) One method in coi^mon use is to select 
blister steel (the product of the cemenfation converting furnace) of such grade as 
will give the ie(|uired leni|iel| and simply melt it in the crucible. This, .as has 
been already slated, was Huntsman’s orighial method, .andiby it, good homo¬ 
geneous steel can be produced. An alternative method is to melt blister steel of 
somewhat higher carbon content than is re([uired in the resulting steel, and 
reduce it to the desired carbon content by the addition of .Swedish bar iron. A 
common method now ado|)lcd, however, is to melt Sneilish bat iron and raise 
the carbon percentage as requned by the addition of charcoal. This method 
may be reversed by melting jiieces of very [lure pig lujn and lowering the 
carbon [lercentage by means of Swedish bar iron.- 

Bessemer steel and open-hearth steel have pot been .without their uses in the 
crucible process, since large quantities of tool steeU have been produced by 
melting these steels in the crucible. 

High-S]x;ed steel in its various grades and qualities is alsoThe product of the 
crucible process, the required analysis being obtained by the addition of ferro¬ 
alloys, such as ferro-vanadium, ferro tungsten, ferro-chfome, ferro-molybdenum, 
ferro-titanium, etc. 

Chemical Reactions in the Crucible.—Although the crucible process is 
practically one of melting only, it is important to notice that some chemical 
actions and reactions take place during the operation. The chief objection, as 
stated elsewhere, to the use of ])lumbago crucibles, is that the charge takes up a 
considerable amount of carbon from the crucible ; moreover, whether plumbago 
or clay crucibles are used, silicon is taken up by the charge from the crucible, 
making it difficult to obtain a low 'silicon steel unless pure materials, low in 
shicon, are used. It should be noted that the silicon is taken up during the 
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“ kiHing ” period, as by means of the silicon, the homogeneity of the steel* is 
greatly increased. 

By the Mitis method of “ killing,” which invofvej the addition of ^Muminium, 
the period ordinarily occupied by this portidh of the process is to a Iarg(i extent 
eliminated, and although as a result a sm.all percent.-rge of aluminium*is added 
to the steel, this is not objeclion.ahle provided,it is kejit down to about '03 per 
cent. The possibilitj^of silicon being absorbed by infc steel from tlte crucible 
is therefore lessened. • • 

, Some idea of the»loss involved in adding aluminium to the molten steel for 
“killing” purposes may be obtained frctpi the following: — 

M#er!al me1(M* * AKiniiiiiiiiit«iil<!eil, Al<i miitium In slrrl pro'luccj 

Bessemer spring scrap .... o'ro"' o'oyb''^ 

Open-hearth boiler plate scra|) . o'to",; o'o6S",i 

Both sulphur and'ibospliorus lend to increase slightly in percentage during 
the jiroi^ss, due to loss in melting. In coke-fired furn.iees, the increase in 
sulphur from the coke is ipiite noticeable. The change in clieiiiieal coiiipo.sition 
which l.ikes place in the crucible process is clearly seen from the typical case 
given below, in which 40 lbs. of open-hearth acid boiler iil.iie sc-raji were melted 
in a clay cruciltle in a cokc-fired furnace;— 

Silicon increased . . . from cortooii",', 

^lang^inesc decreased . . „ o'5(',l, to o 

* .Sulphur increased ... ,, 005“,, to o'oiy,’o 

rho.sphorus remained constant at o'o(>"„ 

• 

It will he observed that the incrqjse in silicon and .sulphur was consider¬ 
able. while the manganese was reduced by oxidisation, and the phosphorus 
unaffected. , 



CHAPTER' IV 


THE EVOLUTION OF THE VRUCIBLE FURNACE 

Improvkmkn'is in crucible steel furnaces have been confined within narrow 
limits, due perhaps to the nature of the process, which is principally the melting 
of materials in a closed vessel hy the application of extern* heat, passed through 
the walls of the crucible before it reaches the materials to be melted. The scope 
for improving the design of furnaces has chiefly lain in the direction of^ increas¬ 
ing the rate of melting and in reducing the rate of fuel consumjition, although 
considerable attention has been given to methods of working and to means for 
prolonging the life of furnaces. ‘ , 

’riiere is uniiuestionable evidence from the Patent Office records that much 
time and talent have been cxiicnded in seeking to perfect this process. 

The original furnace employed hy Huntsman in 1740 wgs heated with 
coke. Since then other fuels, such as coal, gas, and oil,'have been'employed, 
and it has become common to classify crucible furnaces according to the fuels 
used. 

The use of air, both heated and under pressure, has been introduced in 
various forms of furnaces to assist in the complete combustion of the fuels. 
A brief outline of the principal improvements is givep in the following 
pages. 

Earliest Use of Crucibles. —While it is admitted th.at Huntsman was the first 
to melt steel in crucibles. Professor Henry Lbuis' refers to the,fact that crucibles 
were used in the fourteenth century for the manufacture of brass. This was 
mentioned in “Aula Subterranea’’ by La/.arus Krcker in 1574. Moreover, 
what is known as “ Wootz ” steel was reduced directly from hematite and 
magnetite ores in small fireckiy crucibles in India 2000 years ago.* 

Huntsman Furnace.—Fig. i shows a sectional elevation of the early type of 
coke-fired crucible furnace - still so much used in its impriived form shown in 
Fig. 2, ii^the district where Huntsman first melted steel—and while many other 
processes have been introduced for making steel in larger quantities than can be 
m.ade in the crucible furnace. Huntsman’s coke-fired fuinace retains * prominent 
place for the manufacture of high quality tool steels. F'heaper methods of pro¬ 
ducing crucible steel have come into use chiefly because of a fuller knowledge of 
the materials enijiloycd. 'Phe Huntsman furnace is also used in small foundries 
in this and other countries for the production of stetl for castings, also for 
melting other metals. 

In perfecting his process. Huntsman, found more difficulty in obtaining a 
suitable fire-resisting clay for the crucible, than in the design of the furnace 
itself or in the application of the fue'is then available. Troubles arose with the 
fuels from an imperfect knowledge of the laws of combustion. The Huntsman 
furnace is more fully described in Chapter VI. » 

' P.iper read before the University'of Durham Phil. Soc., Feb. 9, 1911, 

• Stahl und Eisen, vol. xxi, p. 209. 
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■Coke-fired iPnmace ntilising Waste Heat.—As far as can be traced,ihc 
first important improvement in the design of crucible furnaces was made by 



• Sectional Elevation 

Fio. 2.—Iluni-iinan (ioltc-fired Crucible I'lirnacc ; Modern Type, 

u, McUinp-holc. A. A, Ci unl.lt's , Firrchry ct.inds . Adijiit . r, I liiinncy-linr . f, Auxiliary 
cliiinney-llue . i;, Cluniney, h, -Melung hole com r , k. Shelf for dryiiif; < nu ihh r. 

• 

Johnson in 1853. Fig. 3 is a sectional drawing of the furnace patented by him. 
In this furnace he provided for the utilisation of the waste gases for heating the 
air of combustion, and also for a supply of air under pressure to the furnace 
through the grate.chamber., J'hese two-objccts have been included in different 
forms in many furnaces since then. , 
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Jlnltiple-Crnoible Furnace.—In 1855 Henry Bessemer patented a crucible 
furnace having a series of melting holes around a conical stack, in the walls of 
which the furnace flues were patle. Each crucible had a stopper in the bottom, 
through whiih the metal was tapped and carried direct to the mould, placed in 
the centre,of the stack below the melting holes. 



Fir,, 3.—rolvc-fiml CruLiMc Fiirnncc, f')r ^ 

w.isic Heat foi licatiii^ Air of Conibiislioii. 

fi, Mt'Uinp luilcs , h. b, Ctiuihlt 5 ; c, c, Firci l.iy st.intls ; 
d, d, Cir.ite chaiiiluTS ; e, Mnc for supply An furN ’om- 
bustion ; /and^^ Chintncy-flucs ; //, //, Cli^ninoys. 


Itr 

dct 




{•’10. 4.-—Siomcns’ Rc^;cIlrrativc Crucible 
1 iirmcc ; Fir^t I)csi^n. 
a, Mcliingholc; ^,\,'rucible; r, Regenerators; 
d. Chimney. 


Siemens’ Regenerative Crucible Furnace.—In 1856 E. Siemens jiatented 
regenerators for use in the crucible furnace. The chequered brickwork chamber 
which was improved in 1857 by himself and his brother, 
('. W. Siemens, has long since become an institution in 
the design of open-hearth and other furnaces, and was 
adopted to utilise the waste gases for heating the air 
required for the combustion of the gases from the fuel. 
Fig. 4 shows a sectional drawing of the crucible furnace 
and regenerator combined, in rjllich coke is .shown as 
the fuel around the crucible. 

Improved Linings for Crucible Furdaces.—With the 
object of reducing the cost of repairs fo melting holes, 
Samuel Fox, in 1.S60, patented a*simple form of inner 
lining, shown in Fig. 5, to preserve the main body of 
the furnace. The lining was built up in sections of 
ganister stone, and between the lining and furnace body 
a filling of coke dust or other bad conductor of he.at was 
inserted. 'These linings could be renewed without inter¬ 
fering with the main structure of the furnace. 

Combined Cupola and Crbcible Process.—In 1863 
a duplex method of melting first in Uie cupola, and finishing in the crucible, 
was patented by G. Davies. There are no records as to whether it was actually 



Fici. 5.—Inner Fining for 
Ciuciblc I'uinace ftlcli- 
llolc. 

a, Melling hole; h, Special 
ganister stone lining; c, 
Hlling of coke dust or 
other bad conductor of 
lieat. 
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tried, but recent progress in the combined use of the Bessemer converter and 
the Siemens furnace for producing steel rapidly, finds a certain harmony" of 
•principle in Davies’ patent, which had for its object the rapid production of 
crucible steel. • * • 

Tilting Crucible Furnace.— i'he suggestion to uye a tilting furnace‘appears 
to have been made first by T. Rochussen, wdio, in 1864, [irovisionally patented 
a furnace with this object. He*did not, jiowcvcr, cajnplete his patiyit, and the 
•subject was afterwaid* taken up by others. The principle of tilling “ air-blown ” 
m furnaces was introd*iccd by Ilenfy Bessemer some years before this date. 

Siemens^Oaa-flred Crucible Furnace.—In the sectional elevation of crucible 

furnace shown in Fig. 6, arc embeduiJ many of tlie features found in the modern 

• • • 



Sechonal Elevation 


• F ic. 6 .—Sk iik iis’ Gas-firctl ('rut iMe Furiiarr. 

a, MrUing hole , />. l\ < 'hk iMi s , ,, ( lici) , d. V.iiili. I’ninlinsijnu < h.Htih.'i , f, (i.is port; 

X’, Air ]K>ii, A, //, (j i, rcgcii-’ratorb , k, k, An i<iKr,itDrs, 

gas-fired furnace, although it is as long ago as i86(i sinre W. .Siemens 
patented the ftiinaec illustrated. 'Phe crucibles are [ilnced in two or more rows 
in the melting chamber, whiih is built indt.'peiulenlly of the regeperalors, the 
latter Jieing placed at the- sidfs. 'I'lie' structure is kejit cool by the vault and 
I'assages.below the idejling (Ifanibur. 'I'lie air [lorts are arranged above the gas 
ports, and the niiving.can he accelerated by contracting the gas openings from 
the regeneratofs and by giving them an upward direction. 'I'lie crucibles are 
placed oppositdpr between the gas ports, and rest upon a coke dust hearlli. 

Liquid Fuel Crucible Furnace.—big. 7 shows sectional elevations of the 
Nobel lurnace which was ])atenlcd in 1S84. It was among the first steel-melting 
crucible furnaces of the oil-fired type used in /\nierica. '1 liree chambers are 
shown ; the one nearest the oil supply is used for melting, the second for heat¬ 
ing the charged crucibles, which are afturwards removed to the first chamber, 
whilst the third compartment is used for examining the flame. Two crucibles 
are placed in each of the melting and he.ating chambers. The fuel is supplied 
from an oil tank and passes through pipes into the oil jians. The air is admitted 
between the pans, and through an opening in the top, which is regulated by 
means of a cover. Heats are very rapidly obtained from this furnace, but the 
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brickwork lining suffers in consequence, having to be renewed every two to three 
weeks. 



Fui. 7.—Ni»I)cI I.iqtii<l Fuel Crucible Furnace. ^ 

a, MfUiiijj tb'inibrr; h. II'mhhk ch.tniitcr, f, I'xainmalion chaml>cr; d, d. rnKiMts, c, c. ('okt' 
licds [Mils (.111 ' ['ii>e ; A, Air mk't . An rrj^nhtin^; tov- 1 , /, /, 1. 1 >iri,eti()ii 

of fj.w-s throiiKli furnace. «, ( oiuiiu'.fion n, Oullct Hue, e, (.Jtinincy ;Ii>',pabs 

flue , q, q, D.inipi IS. , 


In 1885, T. Norilcnfelt [lalentrd an oil jet for use in the Nobel furnace, 
l''ig. 8 sboHing the arrangement, wimli was designed for burning naiihiha or 
other volatile lu|uids. 'I'hrough the rontral jet the oil is forced agtiinst a jilate, 
which breaks up the stream of oil and causes a foiintain-hkc sjiray on either side 
of the plate. Heated air, issuing through pipes on 
eitller side of the oil jet, mixes with the oil sjiray and 
jirodiices a highly cvimhustilile mixlurc of gases. 

Modern Oil-fired Crucible Furnaces.—Fig. g shows 
the crucible furnace which has supiAscdcd the Nobel 
furnace in ;\merica. It is smijder in design, and holds' 
f) to S crucibles in the,melting (hainber. The ma.ximum 
life of the fuinace is about two weeks*after which the 
side walls and arches of the melting chambers have to 
be rebuilt. The bottom of the furnace on which the 
crucibles rest is m.ade of coke and crushed crucible pots. 

As an improvement on the furnace illustrated in 
Fig. 9, which IS still used in the Milwaukee district, Carl 
.Smerling' desci dies a fiirmace in w'hi?ii oil jets are used 
instead of pans (see Fig. lo). The oil is suppjied to 
the burner under a pressiuo of lo'to 20 lbs. pgr square 
inch, while the air used is at a pressure of 20 to 40 lbs. 

per square inch. Hy using heavy refuse oil weighing 

7 to 81 lbs. ]ier gallon, satisfactory results were obtained. 
I.ow-pres.surc burners which atomise 15 to 30 gallons of/)il per hour, are not 
suitable for this furnace, as the sju-ay is said to damage the crucibles. 

A new form of regenerative oil furnace,’ in which r6 crucibles containing 
an average charge of 85 lbs. are heated .at 6ne tune, is shown in Fig. it. Six 

heats each of 12 crucibles arc obtakied in 16 hours, the first heat taking 4 

hours to melt, and e.ach of the others about 2J hours. Seventy-two pots in all 
yield 6120 lbs. of steel per day.' To melt e.ach short ton of steel, 160 gallons 
of fuel oil are required, or 30 gallons of oil per hour.' The oil used weighs 7'3 
lbs. per gallon, and its composition is given as : Carbon, 86 percent.; Hydrogen, 

“ The Foundry,” \oI. 36, p. rGy. * ” The Foundry,” vol. 37, p. 6r. 



ISec lional Plan of Furnace, 
showing jefs in position 

Fli'. 8.—Nordenfi'U Oil 
Jcl for No.a'I Crucible 
Furnace. 

a. Oil j.'t; n. A ir jets : r, 
I )ivuling w.ill, d, d, Cui- 
cibk'S. 




THE EVOLUTION OF THE CRUCIBLE FURNACE 


59 





Fig. 10.—Improved IJquid Fuel rrucil.Ic I-’iirnirr 
-J, Melting chainIxT . h, CruriMos, < , (‘okc lx*'! , d. Inlet foroiljit, r, Hirection ofg.isoj 
ihiungh furnace . /, Outlet Hn<‘ . < l imney, Oainprr. 



Part- Sectional Plan 

FlO. II. —OiK'iiilc Furnace with Kegeneraton. 

<f, Melting-chamber ; b, Crucibles; >., Inlet for oil ;ct ; d, Regcneralori. 
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12'o6 per cent.; Oxygen, i’34 per cent.; Sulphur, 06 percent To bum 30 
gallons of oil per hour, 48,620 cubic feet of air are required, and by means of 
the regenerator chambers the air<is delivered at a temperature of 2190° F. 

Applioatibn of Water Qas to Crucible Furnaces.—In 1890 Samuel Fox 
patented an,arrangement whqrcby a jet of water gas was introduced to mix with 
the hot air ascending from the regenerators, thus»accelerating the combustion of 
the gas and air in their passage from Jhe regenerators to tKe crucible melting 
holes, and intensifying the heat. ♦ 

Economy in the Repair of Purnacee.—To retluce the cosl^of lining ordinary 
Huntsman crucible furnaces, W. Kirkluam, in 1896, patented a crucjjile furnace 
in which the linmg was encased in an iron frame 
•and rested tipon special fire-grate bat?. Between 
the outer structure and the iron frame an annular 
sp.ace was left to allow a free pass.age of air to 
keep the frame cJpl. l!y l/.is means a spare 
lining could be intrbduccd as required, avoiding 
the serious delay which takes place ever^ four 
or five weeks with the ordinary furnace, due to 
the relining of the walls with ganister and the 
rebrickiiig of the top of the meltingi hole. Fig. 
12 shows a section of the furnace* with the 
special casing containing the lining in position. 

Dawson, Robinson and Pope Gas-fired Fur¬ 
nace.— Dawson, Robinson ami Po[xi‘designed a 
furnace in which each melting hole was kept 
under control by means of valves or dampers 
near to the melting chamber (sec Fig. 13). Two 
jiairs of air .'d'nl gas regenerators siqiplied heated 
air and gas to the melting holes through in¬ 
dependent gas and air ports ffnd passages for 
each melting hole. In this way the temperature 
of each meltin;4 hole was more easily controlled. 
'I'his furmacc, which is more fiilfy described in 
Chapter VIII, was patented in 1897, and has 
been very successful in reducing the amount of 
fuel consumed in comparison with the ordinafy 
coke-fired furnace. 

Appliance for removing ^Crucibles from 
Furnaces.—To remove the crucible at a white 
heat from the melting hole by hand tor\gs is 
perhaps the most" trying ’operation in steel 
making. It is necessary for the man to stand over the top of the furnace and 
raise the charged crucible while he is exposed to intense heat. To avoid 
having this operation performed by hand, J. M. Gledhill pateqt'cd, in 1898, a 
furnace with movable bottom, upon which the cruciblas rested, and when 
the charge was melted the crucibles were raised to the floor-level, making it 
easier for men to carry all the crucibles away and accelerating the distribution 
of steel to the various moulds. Fig. 14 shows the device employed for raising 
the movable bottom of the furnace. The overhead shaft was extended over a 
series of melting holes, but each furnace could be operated independently by 
means of a clutch gear, the loose tops on the furnace being lifted simultaneously 
with the bettom. 

Improvements in Portable Furnaces.—Many designs of portable furnaces 
have Ijeen made to reduce the expenditure in crucibles, in melting the charges 



Fig. 12.—Rfncw.-ible Itmor lin¬ 
ing for Cokc-lired Crucible Fiir- 
*nace. 


<1, McUin^ liolo; 6 , ('niciblcs, r. 

Iron fr.um: coiit.mun^: renewable 
lining: <4 (A'^Air ]>.i'ssagc round 
frame. 
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rapidly, and in conveniently transferring the furnace to any part of the steel 



Section on A. B. 



Fig. 13.—Dawson, Rolnnson, and IV;pe Gas-fired C’ruciM*: I''nrnace. 

j, a, Melting holes ; b, b, b, Crucihlos ; c. c. c. Coke be^ls ; </, Vault , c, e. An lines; /,/, Gas 
Hues ; g, g, Gas regencratoi s , h, h, Air rcg< luralois. 


foundry. Fig. 15 shows a typical tilting furnace patented by Harley in 1903, 
and subsequently improved in tqob. It is mounted upon a frame fitted with 
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wheels, which can be moved on rails. The charge can be lipped from (he 
crucible without removing the latter from the furnace. 

Improved Desig;!! of Liquid 
Fuel Furnace.—Fig. i6 is an 
illustration of a furnace patented 
N. K. Peace in 1904. The 
s[>ccial featJre in this design, 
ajiart from die use of liquid fuel,' 
IS the •means* adopted for con¬ 
centrating the heat .around the 
trucihles. The refractory bed 
on which the crucibles rest is 
perforated so that the llanie may 
pa^.s through and surround it. 
lire admissiod of airand oil takes 
place at the bottom and ^n one 
side of the fuinace, and is directed 
in a |ialh tangential to the floor 
of the furnace. 

Regenerative Ctucible Fur¬ 
nace with Double'cbambered 
Melting Holes. -R. U. Radford 
[lateiited, in i{o6, an improve¬ 
ment in the' ordinary 'gas-fired 
regeileiative eriicihle furnace. In 
fig 17, winch gives a sectional 
elevation ol the furnace, it will 
he observed that the crucibles 
are pi,iced on each side of a 
dividing wall, ^hen the gas and 
air from the regenerators on one 
•side base spept themselves 
around the crucibles in one 
chamber, they jiass over the 
dividing partition and around the 
crucibles in the second chamber 
on their way to the regenerators 
and the cliininej'. As the direc¬ 
tion of the ga.ses is reversed every 
twenty niiiujtes, the criiciWes in 
each chaniber gel the Same on 
the bottom and top alternately. 
A secondafy supply of gas and 
air can be delw'cred from the 
mid partitiof! wall if desired. 

Crucible Furnaces with 
Forced Draught.—The applica¬ 
tion of forced draught to crucible 
furnaces in one form or another 
has been the subject of numerous 
patentss;nce 1853, when Johnson 
embodied 3his feature in his patent. The direction of the blast, its temperature, 
pressure, and volume, are important factors in the successful melting of steel in 
crucibles. These considerations have had the attention of inventors. 



Scctionel Elevation ihrou^lj hoi©. 

Fig. 14. —Appliance for remokinij Ciiiciblcb from 
Furnaces. 

r, MeUinjj hole; b, b, b. Ciucibles; c, Coke bed , d. 
Hydraulic cylinder ; f, R.nn for operaling ch.iit>\vhocI 
shaft . f. Crossbar for lifting movable bottom ; 
Crossbar for lifting co\ets ; b, Clutch. 
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a Melting hole; d, If, Crucibles ; c, Grate Ijars. J, Air inlet. e. e. Outlet lluc'i ; /. Ashpnn ; 
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In 1908 William Miller patented a furnace (Fig. i8), in which the air. for 
combustion with the coke fuel is,heated in its (lassage to the underside of the 

grate bars by means of the waste gases 
which pass to the chimney through a 
flue running parallel with the air inlet 
flue 'Kie pressure of air is regulated 
according to the temperature required. 
The air is also directed to the melting, 
chambifr through Ithi; fire bars and ports 
to distribute it evenly throughout the 
furgaoc. llelow the fire grale an ashiian 
i 5 kept full of water, info which the 
ashes fall, j'roducing vapour which 
unites W'ilh the air of combustion to 
accclcratt the meltyig. This furnace is 
more fully described in Chapter VI!. 

Fig. 19 shows a crucible 4 ’urnace 
patented by James W. Chenhall in 1909. 
The crucible rc.sts on a fireclay block on 
fire grate bars, from belo^- winch air is 
adimtted to the coke surrtjunding the 
crucible. Sever.il tier.s of dr.iught holes 
admit heated air i^t different levels 
around the crueibliv haih tigr of holes 
IS surrounded on the outside of the 
furnace liy a band with ports in it, and 
by means of a r.ack and handle the air 
su|fply can be regulated through the 
draught holes. Air under pressure is admitted to a belt surrounding the furnace 
at the level of the air ports, pipe coKiiectioiis being 111,ide fXain the air belt to 
the closed ashpit for the supply of air through the grate bars to the interior of 
the fiiinace. Apart fioni the grate b.iis, the ^aner.ii arrangeim nt of ports and 
air belt is in many ies|)ects similar to that found in cuiiolas Tor melting iron. 
A fuller desciiption is given in Chapter VU. 

Tilting Oil-fired Furnacea.---log. jo shows a tilling furnace consisting of 
^ simple casing lined with refiaetoiy materials, in the body of which are passages 

conveying air from the out¬ 
side to the combustion 
chamber.* The, air enters 
through one ot the trunnions 
and jelsses round Jhe lining 
in tqp direction shown by 
the airows, inning with the 
oil as ihe^d^iray enters the 
combi*stion chamber, and 
thence to the furnace. The 
air pas.s.iges in the lining are 
made as close to the interior 
surface as practicable, so 


Sectional Elevation 

Fig. ly.—(^>kc liictl Cnnil'lc Furnace 
with 1'urced iJr.ui^lit. 

f, Mcltinj; hu!c , t^.Cnu ilil< , c, (.latc b ii v , . 
Air mlt'l; e. Air lx ll . /, r<vii)ii-t. s , .m.i . 
Kiikaiul HaiuJlcIur it|;ulalinL; air biipji); , , 
Uiul« I llu'-. • 




Fig. 20.—Tilting Oil-fircd Crucible Fuuiacc. 

1 McUmg hole ; b. Air inlet; c, Air passage ; d, Oil jel. 


that the air may receive as much heat as possible before it mi.ves with the oil 
vapour. This furnace was patented in America in 1909 by William Carr. 

Tiltisg Oil-fired Furnace with Regenerators.—fn the same year William 
Carr and C. H. Speer patented a tilting crucible furnace, as shown in Fig. 21. 
The^ furnace m which the crucible is placed consists of a short and narrow 
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chaA>b«r lined with refractory materials, and connccteil at each end with 
regenerators which extend behin<l the furnace" on each side, and through which 
the heated air is supplied to coinhine with the oil vapour. The crucihlc, winch 
has a capacity of about 1000 lbs., is fixed iii the melting chamber in susli a w.iy 



« 





i ypi—-— 

|ii':: ' ; iVi'i, 


P*rl Swct'vnat I'wvAtion 


Fl'i 21, —Tiltinp (hi firctl Crucible FuriMce with K< )*rneralor 4 . 

a. 1 tiling 11^ lung Lh.iinU.T , < hk iIi'.- , ., -. Air rcg. ti' i »t.>i v. ,/. (jil \< fv, r. l\'-\ciMiig 

v.i!\(‘: /. (, timin') lino. 


US to render imner»‘S5ary its retnoval from llie chamber uiilil replaced by a new 
one. 'rhochamber With crucible can he lifled by a rune aiul llie contents of 
the crucible poured out. 'I'he operation of the furnace is 'piiU' simple. After 
the crucible is cliarged ami the cover attached, the ^il tbiim- tfoin the hiirner 
on one side is ignited, and passes roi^nd the crucihle, pioc'eeds into the legene- 
ratoi, and from thence to the stack through the re\crsing \alves. Alter 20 
nmmles the operation is reversed, d'lie an necessary to support ( omhusUon is 
drawn through an^air inlet on llie side of the reversing v.ilve, passing to the 
furnace through chequen.-d brukwoik. 

Siemens Qa^fired Crucible Furnaces 'I'here are two j>rimip.il types of 
gas fired Siemens crucible furnaces used at the i>resenl time, l-'ig 22 illustrates 
the furnace which is known as the “ ordinary ” ty[)e, ami which dilh rs from tlic 
“new form” in having two regenerators on eat h side of the melting h<jles for 
gas and air, instead of one fur air onl). 'I'he gas pro<iucer is also built separate* 
from the furnace, whereas in the “ new form " .Siemens it forms part ol the main 
structure. 

In the “ ordinary ” furnace jt will he observed that each melting ch.T»nber con¬ 
tains 6/:rucibles. Fi^. 23 ([>. 64S) shows sectional elevations and plan of the melt¬ 
ing chamber, which is iiiade as small as possilde, and arches over llii‘ crucibles 
to throw the heat dowu upon them. 'To protect the brickwork ol ea<hof the 
ports in the melting chamber, louse blucks made ol high rclrailuiy malenal 
are fitted over the^walls separating llic ports from eaf h oihei. When worn out, 
these can be replaced•tnore easily than the built-up biickwork, it bi mg m-fes- 
sary to jhjH down the covering arches to rej)nir the walls. The gases are 
purposely baffled in their progress .vound the erm ililes, to pr< vent them from 
escaping too quickly. 'I’liis furnace is more fully described in ( haptcr VIII. 

In the “new form" Siemens furnace,•shown m big. (p. 69), tin* melting 
chamber contains 16 crucibles,and the gases travel about 23 feet m their passage 
through the chamber. maintain uniform temperature throughout, frequent 
reversals of the gases are necessary. In the early experiments with the Siemens 
furnace with long melting •chambers, it was luuiid that the charges in the 
crucibles at the middle were not melted so quickly as those near the ends of.lhe 
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chambers where the flame was hottest. Perfect control is now obtained by 
baffling the escape of. the gases ami by reversing their direction about every 
ao minutes. K more complete description of the “New form” furnace is 
given 10 Cfiapter VIII. * 

Antnracite-flred Crucible Furnaces.—The Anthracite-fired crucible furnace 



Sectional Elevation 



Section on A B 

Fl'i. 22 - SuiiKii'. fiiitl (.'iiKiMc Furnace. 


<t, a, Mrldnt: lu'l« 'i , /■,/, f lUi il'!<•<: , <, <. (‘oKf Ik ds , d, c, ( (tml.nation chnnd-teis *, f. f 

G.is |»iiti'' , i', C’ All I'l'ils , h, //, (1,1' It 111 I It. It' , k. An It c II' Minis , /, <»,is inlt't , t». ti.is 
rcvciMiii; \.il\c. fi, An u wt'ini; \.il\c' , ( luiutu')’ (hk , /, ( Inmn •) llii. (tam]H'r. 

was first developed in America. It (,iillers from the ordinary Huntsman furnace 
in one or two iwitieulars only : (i) A much thicker bed of anthracite than of 

coke is necessary owing to the slow-burning nature of the fuel, and consequently 
a deeper fiirn.ace is rcpiired; and (a) tlie ashpit below the grate is closed, and 
into this a blast of low-pressure air from a fan is delivered through a 3-inch pipe. 
The outlet flue in the melting hole through which the waste gases pass is 
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arranged in the same manner as in the Huntsman funiace, hut tltc waste ga.st s 
are utilised as a r\ile for raising steam in boilers which arc placed in suitable 
positions in relation to tlie furnace to receive ihedieat. 



Section on C 0 


Natural-Oas filed Crucible Furnaces. In the Ihiiird Si.u, s wiiere nntural 
gas is pUtfiliful, rri!#il)lc ftirnart-s are su<'< t s‘>lully I'lujilov <1 with natural ga.s 
as the healing agent, which can he usi-d in nio.st designs of i oal-gas lired 
furnaces. ^ 

General Considerations in the Design of Crucible Furnaces. Idoin the 
various t)pes of furnacis des( rihed j? will he ohs< ived dial the < nu ihle lurnace 
consists of firebrick chainhi is of «.liOi u nt d<'signs in which arc j.Ku ed < tucihles 
containing the riKKetials to he melte<l. The heat for nielimg die ronieiUs is 
(jther generated in tlie duinher, or enters and jiasses through the (hainher from 
an external source. 

Ideal Design of Furnace. —d'he ideal design of cruciMe furnace re«ommend.s 
ustlf in that It gives - 

1. 'I’iie greatest out[)ut from cacii ('nicihh' in the shortest time. 

2. 'Phe lowest consumption of fuel per ton <jf steel nu lled. « 

3. 'I‘he maximum number of heals from each (riicihle. 

4. The ma.xinuim endurance of the furnace to s.iva- frequent rehuilding. 

1. Output of Steel. 'J'o,obtain the greatest outi)Ul from criu ibles m the 
shorlei^ time, tiie design of tlie furnace must lie such as will concenlr.ile as 
much hcai as possible ypon the c rucihles without destroying them '1‘his prin¬ 
ciple lias lieen ap]>lied,to the various furnaces, vi/. . - 

(«;) 'Die single-cnicilile l>pe of large capai ity, where die whole liody of heat 
siirrouftj.s and is concentrated upon llie crU' ihlc. 

(A) 'I'hc douhlecrtii ii)le type of cliamher m wliieli )>olh crucibb-s, each of 
small ca[)acity, arc heated. 

(c) 'Fhe multi-cru( jl)le ivqKj of cljamlier in ivhich several crui ihles of small 
capacity are I eated. 

Si. Fuel Consumption.- - I he consumption of fu< I per ton of stiu 1 melted 
depends on the design of the furnace, as well as upon the calonfu: value of the 
fuel and its complete combustion m the jtrofHir pait of tlie furnace. 'I’he use 
of coal producer gas, ofl under pressure, and forc< () draught for ctike-fircd 
crucible furnaces have doye much to effect econoinu s in melting steel in 
crucibles. 'J'he rapid jxissage of the hot g.a.ses through the furnace to the Hues 
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ha* led to their being used for heating the air which enters and combines'with 
the fuel. In this direction the- use of regenerators has brought about the 
reduction of fuel costs. The -size, sha|)e, and number of crucible chambers in 
furnaces also play an important jrart in the fuel economy. 

3 . Number of Heat* (lom each Crucible. -The number of heats from each 



crucible depends uiron the quality, size, and use of the latter. The design of 
furnace and character of the fuel, as well as the direction of the flame upon the 
crucibles, influence greatly the life of the crucibles. 

4 . Endurance of the Furnace.—The endurance of a furnace depends, 
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(a) upon its construction, {F) uj>on the fire-rcsisting qualities of the materials of 
.khicb it is built, (c) upon tlie intensity and duration of the licat to which it i-i 



u, Mcllm,’ <h.wnl»T , b^b. Cruciblis ; r, C.ikc 1„-,| ; v.iull ; I, .is |ii...|ti, , r , f. /, Air 
f' );t nri.iiors. 


subjected, and (uf uixw its intermittent use. The cost of iqikeei) is therefoic a 
factor of some importance. 
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MA\U 1 -ACTURE' QP- CRUCIBLES 

CRt'CiTii.FS used in ihe manufacture of steel are of two kinds Clay and 
Plumbago. For melting pig iron and scrap and/ather materials for steel castings, 
plumbago crucibles are found more economicaj as a rub than clay crucibles. 
’1 he objection to the absorption of carbon by the charge from the materials com¬ 
posing the pot is sometimes offered as a reason for not using plumbago cmcibles. 
In higher (pialitics of tool steel making, this point is worthy of consideration, but 
for melting mi.stures for various qualities of castings the plumbago pot is as good 
as the clay pot. The life of a crucible depends in no small metsure upon the 
human element, for in the hands of some furnace men, crucibles will last 25 per 
cent, to 50 per cent, longer than in those of others. The average number of 
heats obtained from a clay crucible of 60 to 80 lbs. capao'ty for melting tool 
steel is 3, or one day’s work, while for melting [lig iron and steel scrap for steel 
castings, 4 to 5 heats can be obtained by a careful man. The aver.age number 
of heats obtained, on the pther hand, from a [ilumbago crucible of 60 to 80 lbs. 
cajiacity for melting tool steel is 4 to 5,pvhereas when used for melting mild 
steel cuttings and scrap for steel castings, 12 to 20 heats may he obtained, and 
from 20 to 25 heats when a large proportion of pig iron is used in the charge. 
It is often by observing small miitters that the life of'crucibles may be 
prolonged. For instance, with each successive charge of material, the melter 
reduces the weight of the charge so that the level of the moltcp steel is difl'erent 
for each melt. This is done to [irevent undue chemical action in one place by 
the slags round the inside of the crucible at the surface of the steel. 

• The manufacture of crucibles is no small item in the crucible steel industry. 

• In 1894, Mr. Hadfield ‘ (now Sir Robert Fladficld) stated that '‘Sheffield now 
uses weekly some 14,000 clay crucibles in which to fuse steel,” and considering 
the growth in the industry since then it is only to be c.vpected that this number 
has greatly increased. 

Clay Crucibles 

Sizes of Crucibles. —Cmcibles are made in various si/.es, although in the 
Sheffield district the crucililes most commonly used are from 16 inches to 20 
inches high and about 9 inches diameter at the largest part. 

Materials Used.- The clays used are: China Clay, Stourbridge, Burton 
and Stannington clays, to which arc added small quantities of burnt clay, coke 
dust, and sometimes old ground ixrts and cinders. Crucibles intended for the 
manufacture of steel castings are usudlly made with a somewhat larger proportion 
of coke dust than those used for tool-steel, as the addition of coke dust makes 
the pot.more porous and allows for more contractiop to withstand the greater 
variation in temperature to which steel foundry crucibles are subjected during 
pouring. Again, the crucibles used in a foundry Sts usually made with a thicker 

' "Journal Iron and Steel Institute,” 1894, U. 
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edg< at the top to enable the pot all the better to withstand the variations in 
heat; otherwise they would bo liable to crack and lose their sha|>e through 
exposure to the cold air. 

Mixings the Material* - .^fter the materials hive Ixx-n propottioned out, 
they are thrown together into an 0|Kn metal frame some in feet long, 8 feel 
wide, and 8 inches t(^ lo inches rleep, placed on tlie floor. The mixture is then 
formed into a ring, water is ixixireil m, ajd the clay is ready for ‘i treading,” 
Which is done by thi* bare feet ; tile object being to knead all the materials 
> thoroughly together* and by s<iuee/ing all the air out of the mass, to leave 
it |)erfectly Jiomogetieous. Maelunes have on several ore.asioiis been tried 
for performing this mixing and Jtneading oiieiation, without satisfactory 
results. ' * , 

.After the clay has been trodden and turned over for about .( or 5 hours, it is 
cut up into pieces and weigjied, each piece being sulln lent 10 make one 
crucible. The clayws then taken and “balled,” by litling the clay above the 
bench and throwing it down roiitimiously for two or three miniiles to remove as 
far as jxissible any air still retained in the mass, and to bung it into the reipiisite 
shaix; for making into a rnn ible. 

Moulding Crucibles by Hand, (ienerally, > riieibU s for loke fired furnaces 



l-'io, 25.—ring .nel Kl.ok for M' ul'iiiig ( imilifshy If.iml. * 
c, Plug , A, l-'laskff, M« lliocpof stripffing (rut iltlc fiom flibk.r/, l-iii'sh. il < m-ildc. 


making. The mouldhig is done by means of a “ plug ” and “ flask,” Fig. 25, 
</ and h. The flask h.is a loose bottom with a hole in the centre winch allows 
the pin at the lower cyid of the plug to enter and thus ensure the plug and flask 
being concentric. After the flask has been well oileil, the ball of clay is drojiiied 
in, and the plug inserted and worked into the clay until the latter has been 
forced about halfway up the flask. •The plug is tin n struck on the top with a 
heavy wooden mallet until the clay is brought level with the top of the flask. 
Afterwards, the plug is withdrawn and flie flask with the newly made crucible 
inside lifted on to a small post, which allows the flask to drop down, leaving the 
loose bottom with the crucible upon it, standing on the post; see Fig. 25, c. 
The mouth of the crucible is then pressed inward by what is called a turning- 
in dish," to lessen the possibility of spilling the charge when the crucible is in 
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use, and also to prevent llic inoiilh of the pot from being chipped. Fig. 25, d, 
is a section of a completed clay crucible. 

Moulding Crucibles by Machine, (.iruriblcs arc often made by machine, in 
mIiicIi (ase'iln- pots have solid bottoms. Crucibles of this kind are made cither 
in a liydraiilic press, or in a screw press. 'I'be latter tyjie of machine (Fig. 26) 
has been made lot over 30 years by a bheflieU firm, and,is to a considerable 



V'u;. 26—-M.uliim for niaVing Cruril)les (,'lowlcj's iltsii^n 1 


extent rciilacing the plug anil llask for making crucibles by hand, although this 
latter ami dldei method is still commonly used. 

Drying Crucibles, .\lter being moulded, the ctuciljles have next' to be 
diied, and this operation must he very carefully and gn.diially perfoitncd. In 
small woiks this is often done by putting the crucibles m front of the melting 
hole in the cellar and tuining them round ns they get warm. A.hettcr way is to 
dry the jiols in a shed built at the bark of the furnace .stack, the crui tides being 
jdaeed on shelves round the shed (hut not on the stack side), which is kept 
vvaim by the heat of tlie sl.ack, gradual drying thus being ensured. The 
method which finds favour in works where-a considerable number of crucibles 
are used, is to diy the iiots in a specially built drying shed heated by gas, and 
capable of bolding 300 to 1000 cruciblt-'S. 

When thoroughly dried they are removed to shelves carried by the face of 
the fuinace st.ack inside the melting bouse, and keyV there for three or four 
weeks to'be seasoned. 

Annealing Crucibles,—It is most imixirtant llftt the cnicible be annealed 
before use. 'I hc grate of an annealing stove (Fig. 27) capable of holding a 
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suffidcnt numtu'r of crucibles for the day’s 
red-hot rokc, and upon this the rrucihlos 
surrounded hy coke, «Inch is lift to hum 
through, taking aluiut 20 to 24 hours. .\l 
the end of tins time the rnieihh at a dull 
red heat, are re.ady ti^ he traiisleta-d to the 
nielting furnace • ^ 

* Crucible Lids and Stands .The rru- 
• cihle lids and slaiute ate genei.dly made 
of an inferug mistiiie of clay to that ijsed 
for the crucihles. The iiutliod of"“iread- 
ing," however,* IS the‘.same, and the .lay 
IS cut into pieces, and i aeh pie< <• thionii 
into an iron ring to give it (Jic reiimud 
shape. • 


meltiiif:. is co\cu a a Uyer of 
arv plat Okl inimih dowiuvartls and 
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In .N iiH iH a n I ai t >n il k* ( oni i in nt, ] hi ml 'ai‘»> 1 1 m il >I( s a i f ini'*! i ■ ci tmrnf^nly 
U'scfl ihan in Wn|;l.uni, ami in Uic I intcd Matt s thosr oi \<\, llis (apadly arc 
generally 

Materials used As a mlo, pIuinliaL:o riucihK s arc maiir o| .i mixnirc of 
( Ion ^rapiiitc, (j aiui ] litre sand, the linal < oinj'osi 11,in Iia\ im; an ;ippio \ i- 
tnale analysis*t)t— , 

Chubon, 50 per rent.; .Silica, 35 per rent. ; Almnina, 11 jx-r tent.; In>n 
Oxide, etc., 4 ])er rent. 

Preparation of Materials and Manufacture of Crucibles 'I'he day used 

111 the nianui.ictiire of tiicsc ciui ihle'f is Inst dru'd and j^ioiind, and th< n iii.idc 
into .1 paste willi watu to whidi the -raplnte and sand aie added, the whole 
htin^; thoroui^hly iRixcd. 'I'he mass is tlifn allowed to 1, mam loi st \t lal days 
m a damp plare before hem^^ worked up. 'I'his latter op< rmion is peifoimed 
hy rutting oil a mere from the mass, Lm ading it, and pbu in^ u mside a mould 
which is spun in a potter's wheel, the inside hi-mg loiimal to the rtfpmed 
shajie liy means of a jiroljling tool. Any smphis material is aft* rwards cut 
away from the iim ol the riucddc, wliidi is drir*l lor about twenty-four h-mis at 
normal atmospheri<; I*. mpiuiUiire, and sic* ki,‘d <.)V( r. *1 he hygros* opi< watiT is» 
suhse*juently drnen off, the crucibles being maintaiiK’d at a sniliociitly bigii 
temperature for about tlirce weeks to allow tins to lie will e.irritdout. 'I'lie 
ctucibles are llu n slacked in “saggers” and annealed hjr about llir(<vidays at a 
teiinxr^iturc of about 800 (h m an annealing oven, at the * nd of wlmh peruxl 
they arc lj;iorougl)ly artnealed and ready for use. 

Styrian Graphite frucibles. At Kaj-h nlmrg, the prliu ipai seat of cniriljle 
steel manufacture in ihr Austiian Alpine regujii, tlic < ruf.ihles iis< d are mailr of 
Stynan grapliile* niixed with (lays in different pro[)i)rlions. 'I lie graiiliitr as 
used for crucibles confuins' 

( arljun, 'jyS per rent. ; Silica, 1304 jier cent.; Alumina, ('>■12 pi r 'cnt. ; 
I'erric Oxide, 0*44 jicr cent ; Potash,^o’43 fjcr cent.; I’liospiiorn. < )\tdi, 0 01 per 
cent. ; Water, 1*95 jier cent. 

1 he clays used are dried, crushed to fine powder, then mixed m mixrts and 
worked into a jiaste in suitable trougb.s. 'I’he moulding of tin (tu( ibl( s is done 
HI power presses. The drying is done very gradually in a room in whicli 
social heating apparatus'is employed for sending cuirenls of warm rfir round 
the shelves on which tlie crufibles rest. 

* " School of Mines Quarlcdy,” 29, p. 329. 
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Description of the Furnace. —'I’lic rmrilil/; ftirn.icc of ihe 
I luntsinan type, sliou n in I'l^ 28 anil Mp 29, ronsists of 
u senes of pot lioli s spaix'd about 3 feet a|art centre 
to centre, < ai h ni.ide to rei eive two crucibles. ^Tbc liole 
IS about 3 feit fi inches deep from cover to fire bars, 2 feeti 
3 indies lonn from b.ii k to front, and r foot’d inches 
wide; this allows of a body of i oke a few Indies thick 
round each i riicible. 'I'lie shape of the hole (usually oval) 
is obtained by raminini,' moist gaiusti r round a “ former,” 
shown in fij;. 30, jilaied on the fire liars. Round the top 
ol the paiuster a few layers of firebrii ks arc so hud as to 
close 111 the top of the hole, on wliiih is pi.iced the cover 
plate, 'liie iiioulh of the hole, winch is on a level vvitli 
the lloor, IS about 15 indies by 13 indies, and is covered" 
with a firebrick about 18 niches long by 16 inches wide 
by -i inches thick, fastened 111 a frame. A handle is fixed 
to the fiaiiie, which affords an easy means for its removal. 

Operation of the Furnace.— When newly built, the 
furiiaie IS allowed to dry naturally for some tlays before 
any lire is put into it. Heat is usually ap|)hed very slowly 
by means of small wood files with atlditions of coke as 
the tliying proceeds, i'lus initial and sometimes tedious 
pait of the vvoik must he carried out carefully to avoid 
cracks and faulty draught afterwards 

^'or a furnace which has alreatly been in use, the 
.(lay's work begins by chipping oft lioiii the inside of the 
hole all the adheiing slag from the previous day's melt 
by means of sl.igging bars. The fire bars, usually live 111 
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. Sectional ElevaiiQn^ • 

I'h:. 28.—lliintsinnn Cokc t'irfil Ciiuihlo Fuyiacc; Modern Type. 

, McltiiiR-lidlo . b, b, ('ru( il>l«'s , c, Rl.inds , .\'-h[)U ; e, (.■|iiintH’y-llnc , /. Auxiliary 

chmmo) Iluc , g. Chimney ; A, Melting hole co\or , A, Siielf fgr drying crucibles. 
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luimbfr, are llicn put in, spnri.'i,l an (.(iiial distance a|iarl, llu: fireclay rriicihle 
stands placed on them, and the bats coveied o\\r with liot cuke. The > rucllllc■^ 
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tire then taken from the annealing furnace and each placed on its stand, the holes 
being filled up with coke to the level of the too of the crucibles. When the fuel 


Fig. 29—Crucible Melting Furnaces (Messrs '^an'.ael Osborn Co., Ltd., 
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bums through, the crucibles are at a white heat, and by throwing a small 
quantity of sand into them, they arc fused on to their fireclay stands and the 

hole in the bottom of each filled up. 
^ As soon as the sand is frittered to 
the crucible, the “ puller-out" 
charges the material by means of a 
• “charger,” shown in h'ig. 31, which 

is fitted over the mouth of the crii- 
edde. ’I'he lid is then put on, the' 
. hole filled up with coke, the cover 
• placed over the holp, and the fire 
left to burn through. This fire is 
called the “ steeling” fire, and usually 
reqaires to be renewed three times 
after it has Iturncd through before 
irqi r fur charge is ready. Tor Ihf second 
ibics. heat two fires, and for the third heat 
one fire, usually suffice. 

During the intervals of coking and fasting the annealing furnace is filled 
with crucibles for the next day’s working and lit ofl’, and if ingot^ye to be cast, 
the ingot moulds are prepared. 

The control of the furnace is under the eliarge of the head melter, who with 
the “ puller out ” regulates the rate of melting. Each pothole Ijas a separate 
flue to the ehinmey, as well as one in the cellar which admits air to flic pothole. 
By the use of a brick damper in each, the heat can be regulated at the will of 
the operator. If the minting is proceeding more quickly m one pothole than 
in another, the brick is placed in the flue ketween the pothole and the chimney. 
If the melting is |irocecding too slowly, the brick in the cellar flue is drawn to 
admit more air. . , 

When the steel is properly melted and any necessary ferro alloys and other 
additions have been .added and melted, the “ puller-out,” with arms and legs 



Kio. 10, Mdnng- l-ic. 3r.—Cli.i 
hulc l'\irliur. filling Cruc 



Fro. 32.—Pulling-out 
Tongs, 




I'IC. 33.—(tf) Single Tongs for carrying Crucibles; 

(^) and (<■) DouMc-liandlcd Tongs for carrying Crucibles. 


covered with wet sacking, introduces the pulling-6ut tongs (see Fig. 32), and 
lifts the pof out on to the floor. After the removal of the clay lid, and the 





COKE-FIRED CRUCIBLE FURNACE. HUNTSMAN TYPE Tj 

ikimming of the slag from the metal with a “ mop ” (/.r. a thin bar with a knob 
of slag already attached to the end) the steol is ready for i>ouring into the 
moulds, the crucible being handled by means of sjngle tongs (I'ljj 33, <j) or 
double-handled carrier (I'ig. 33, h and <). As soon as tliey are empty, tire 
crucibles are usually replaced in the furnace and brijught up to a vrtiite heat 
before being charged Jgain. The 4 irst beat takes from t to 5 hours, the second 
heat about 3i hours, and the third beat ^bout hours, the time* varying 
according to the class^if material being melted and the degree of refinement 
•required. • 

Output ttpd Cost of the Furnace. —^|ro produce 35 tons of lupiid steel f>er 
week, or uoo tons per year, it is ftegessary to have at least la melting holes, 
working contifiuousiy ’ from Monday iflormng unWl Saturday iimhlay. I'.ach 
hole is made to contain two crucibles having an average lapacity of 75 lbs, 
each. • 

The cost of a furnace of this, sire is appro.vimatcly jC.f)oo. 

« .Annual charge for depreciation r.i! 10",=: 

„ „ interest (u' 5",; -- / 

, Total charge £1^5 

• I '^5 X 20 

Cost per ton of liciuid sled = = 2d. 3./. 

* ' 1200 

^ • 

iVorkittf; Cotts (/ir ton of Uijuid she!for uul/on skcl casliti;’!) 

Cost of Repairs.—In .Shedield and other district|jit is usual to reliiie with 
ganister every three to four weeksJ'urnaces which are in o|)eration during 
day and night shifts from Monday until Saturday eacb wcik. It is false 
economy to continue using a melting hole when the Imiiig is .so laige as to 
waste fuel. This iS what bapiiens as the ilielting boles become large. ICvery 
lime a melting hole is lined, the brickwork round the top of the furnace is 
repaired or renewed, and every year the furn.ace walls and Hue outlets are 
rebuilt. The toUTl annual cost for repairs varies with the conditions of working 
the furnace and the quality and cost of the refr.actories used. 'I'lie average 
cost, however, for a 1 3 -hole fiirnai e is appro,\iniately gr. bd. per ton of steel 
melted. 

Cost of Fuel. -As the waste heat from the fuel is not utilised in the Hunts¬ 
man I'urnace, the average consunijition of coke per ton ol steel melted is 
higher than in some of the oilier types of lurnaces. The amount consumed 
dc|)ends, of course, upon the nulure of the materials nielleil. 

When melting malSrials for the nianufacture of tool stei I, it is necessary to 
use the best washed coke in which a niinimum jiercentage of sulphur is found. 
The consumption of coke per ton of steel melted is aj to 3J tons. When 
melting scrap steql and pig iron for steel castings of ordinary (|iiahly, the 
consumption of coke Averages 1/ tons Jier ton of steel 'I'liiis with coke 
at 23s. bd. [jer ton, the cost o( fuel per ton of steel ineltrd - /,3 ti. id. 
approximately. 

Cost of Crucibles.—both clay and plumbago crucibles are used. In the 
bhelfield district clay crucibles are very largely used, as many years' practice has 
made the Sheffield workmen expert in producing crucibles of good quality, and 
at a low cost. When melting mild steel scrap with a small pro|)ortion of pig 
iron for the manufacture of steel castings, an average of 3 to 5 heats are’melted 
in each clay crucible, whereas a plumbago crucible of good <iuality will stand 
an average of 15 melts. , 
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The cost of clay crucibles per ton of steel melted is taken at lor. ()d. 
approximately. 

The number of |)Uimbagi) crucibles required per ton = - - = 2 (nearly), 

75 *5 

and at gS. od. each, tbe .cost of i)lumliago crucibles [ler ton of steel melted 
= iq>. approximately. • , 

Cost of Labour.—No uniform^ system is adopted for paying tbe men 
employed on crucible furnaces. Some firms work oif the premium system, 
paying a daily wage, witli so much extr.i [ler ton of ;f)od steel produced.. 
Other firms .idopt piece-work systems, |siyiiig .so much to the mel4‘r or the one 
in charge of the furnace, while he in turq, elii|)loys and lays Ins gang. Other 
firms again pay their men lulefinitc wa.tje per shift, with'or without a bonus on 
any saving ellecud in the coke consumplion. 

The following bands are employed per .shift for operating a la-hole 
furnace ;— . 

(.file melti r. 

Two “ piillers-oul." ' 

Two coke wheelers. 

One labourer or odd-man. 

One cell.ir lad. • 


The charges are weighed by the melter, who is also in charge of the 
furnace. , 

The “ pullers-out ” watch the melting holes, add cokv when'required, and 
when the steel is melted pull the criu ibles fiom the lurnace 

The coke wheeUis bjng the loke from the Inns to the fuin.ace and hell) in 
preparing the ingot moulds il tool steel is being ni.ido. 

The odd-man assists generally, .uul attends to the crucible-annealing 
furii.ice. 

I'he cellar bail is employed making lids and stands, aild gives warning of 
running crucibles, etc. 

At dilierent furnaces, even in the same district, the diitu^s ol the gang are 
not the same, so that the above routine is eaiiable 'I'lie tot.d nunilier of hands 
employed, however, is .ibout the same- for like liirn.ices. 

The cost ul lahoin is approximately as lollows. — 


1'i) '^liill Night shift. 


One melter .... 

. 0 

7 

6 


0 

9 

0 

'I'wo pullers-oiit . . . 

0 

i.i 

0 


0 

bs 

0 

■fwo coke wheelers . . 

. 0 

1 0 

*0 

. . • . 

0 

I 2 

0 

Ono laboun r . . 

0 

5 

0 


0 

{) 

0 

One collar lad . . 

0 

,5 

0 


0 

8 

6 

ToUtI 

• /' 

18 

6 

Tot 4,1 

^2 

5 

6 


The total we. kly wages = ,{,22 19 0 

Adding loo'.’i, as pait expenses foi Foremen, 


C hemists and .Management . . . . /22 19 o 

Total.^,-15 i.S 0 

/ 45 iS o ^ 

Cosf of labour per ton of steel melted = ' *6 g 


Cost of. Eaw Materials.—.\ssuming that the quality of scrap and pig iron 
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usetl'will produce castings of good quality for ordiiury general puriKtses, tlie 
following is a typical charge ;— 

60 lbs. of mixed steel scraji, o'i5"„ carbon , tuf o o Ion. 


la lbs. „ steel ca.stmgs scraj), o'J5'\, carbon (a; /,4 o o torr. 

5 lbs. ,, hematrte pig (broken), 4','o carbon 'o. / t 10 o ton. 

: cost of nu'ltetl steel— 

. • 4 ' • I 

Kaw’ inatenal. I o .S 

Aliiininiriln 1 lb. . .... ..007 

Plus a''„ loss in inellin^ ... 1 .S 

• 

* * 'rrrtM . . J . . I -* I I 


^mmary of Costs. 

Cost of Ktirnace £^oo 

• L I 

• Depru iation anil liili rc'-t . . , . o a t 

K< parrs . . . o ( 0 

b'uel . . . a I I 

Cr^cil'hs . .u 11; o 

Wilioiir . . .... . I 111 9 

Kaw .Materi.ils (incliKliirg addnioiis and los.s) .| a 11 

. • Total cost I'Cr ton of liquid sleil . y.o 6 (> 


! 


\ 


Crih'iiii.i, Furnmi. wii'it Four CRt.'riiii.ks in Fm 11 llni.i-. 

Description of the Furnace. l-Ji sin.rli foundries inaking steel rastnigs of 
ordinary qualits lor Culliery, Kaibv.i), Marine and —n ,.-i 

(ieneral Tnginei ring work, it is not iiiu (fliiiiion to 1 j • 

use lurnaces will melting holes each capable of taking j I 

' 4 crucibles. These aie designed as a rule to take | a <■ 

T;rucililes from 6o*to 100 lbs. capacity. I'lg. 31 shows 
sectional plan and elevation of the melting hole of the 
furnace. The design dililrs from that of the Hunts¬ 
man ty[>i,- principally in the form of the melting 
chamber, winch in plan is the shape of a square with 
lounded corners, the object being to provide an 
uniform space for fuel all round the 4 crucibles. 'I’he 
furnaces are built as a rule witfi a number of 1111 Itmg 
holes coniv-'cted to oftt^ slack, the regulation of the 
draught to each being ni,ide by dampers in the Hues. 

The ceilars below the furnace floor for access to the 
ashpits, are built m a similar way to those of the 
ordinary Huntsman furnace. 

Operation of the Furnace. When working the 
furnace on day shift only, it is raised to a high ti in 
[rerature each morning before the crucibles are intro¬ 
duced. The four crucibles are jilaced rlqee to each 
other and brought to a good heat before being charged 
with the raw materials. When properly packed, a 
clay lid is Jilaced on the top of each crucible, and the melting hole is fillbd with 
coke all round the crucibles and up to the top of the furnace. During the melt 
an examination is made from time to time, to find what progress is being made; 


j 


> 111 
Cfu 

. M 


31 


M- liiDt; llo 


I <'ni- 

I'd (iiiir 


iHi|’ IkI- , < 'fiicil;lcs ; 

<, (Jull' t lilK. 







8o 


LIQUID STEEL 


sometimei! the crucible is pulled out for this purpose, although more frequently 
the state of the melt can be determined by means of a small iron rod which the 
melter inserts in the molten steel. He can judge very nearly the temperature of 
the materia*! by the appearanee of the rod after it is taken out of the molten 
steel. The first melt takes about 4 hours before the crucibles are ready for 
pulling out. As a rule three heats arc obtain*! during the/iay shift. When the 
crucibles are removed from each mejting hole, the fires are cleaned immediately 
and made ready to receive the empty crucibles again. ‘The second and third 
heats arc melted more quickly, the average time taken beiitg about 3 hours for* 
each heat. , • 

Output and Cost of the Furnace. -Usinjr crucibles yielding ^on an average 
75 lbs. of steel each melt, Uie daily output (working day shift only) from each 
melting hole is 75 X 4 X 3 = 900 lbs., so that twelve holes in regular operation 
would yield 4i tons of liquid steel per day, tr 25 tons per week. Such a 
furnace, having flues connected with one main stack would cost with stack about 

X'200- 

Annual charge for depreciation (u! 10% = ,/ji2o 
,, „ interest (aj 5“,', — 60 


Total charge . . . ,/ji8o* 

,, f, >8° X 20 

Cost per ton of liquid steel = = is. 

* ‘ 1200 

« 

IViiriini; Costs [fer ton of luiuul stool for catbon stotl oostings) 

Cost of Repairs. Isvyry four to five weeks the melting holes are rehned with 
ganister and the brickwork aiound the top reiilaced. Eveiy twelve months the 
walls and arches are rebuilt entirely, togetfier with ]iart of the flues nearest the 
melting holes. The average total cost of monthly and annual repairs is approxi¬ 
mately is. per ton of steel melted. ' 

Cost of Fuel. - lly reason of the compactness of the melling holes, less fuel 
is used than in the ordinary Huntsman furnace dealing with the same raw 
materials. The average consnnqition of coke is 1} tons per tAn of steel melted, 
when charges of scra|) steel and pig iron are used. T.aking coke at 23^. 6 J. per 
ton, the cost per ton of steel melted = aiiproximately _f,i t)s. 4,/. 

Cost of Crucibles.—By using good (piality plumbago crucibles carefully, as 
many as 20 to 25 heats have been obtained from one crucible when melting 
scrap steel and [iig iron. The aveiage number of heats, however, is 15, or an 
equivalent of 1125 lbs. of steel per crucible. The number of crucibles required 
. 2240 / , N 

per ton of steel = =2 (nearly). • . 

^ 1125 SIS ^ , 

Therefore the cost per ton of steel melted when Uie price of crucibles is 
taken W! 9'-. (0/. each = ap|)ro\imately iqt. 

Cost of Labour. —The gang eiiqiloycd consists of the folbpr'ing ■ - 

‘ L s. rf. 

One teenier.076 

Three “ pullors-out" @ 6r. 6(/. each ..o 19 0 

Eight labourers if ^s. each. 200 

Total. £i 1 ° 

Part expenses for Foreman, Chemist and .Management . 3 7 ° 

Total cost per day for output ,of gj tons .^614 o 
Cost of labour per ton of steel melted = approxin\ately ^1 rot. 
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Cost of Saw Materials.—'I'lic cost of raw materials 

is taken at ,C^t rj- t !■/. 

per ton of steel melted. 


Summary of Coats. * 

• 

Cost of Furnace, v^iroo. 

* 


/ 

Ocpre'Ciatloif and 

O ^ 

Rcjuirs ... • 

0^0 

Fu( 1 

I ■» 

( niriMcs ". 

O 1<> 0 

Falfourand Maiuf^cnn nt , » 

1 It) o 

Raw JIateiial.s (including' addinons and loss) 

f J 11 

Total cost pel ton of I.npnd .''tcel 

■ ') 3 



CIIAPTI'R VII 

COKE-inHF.D CKVCIHl.I'. H'I<\ACES Wll'H FOKCED DRAUGHT 


'I'liK Miller, Radio, and I.indcinann furnaces described in this cha|itcr belong to 
the forced draiiglit l)|)e of crucible furnaces, and have been designed Vitit the 
object of obtaining inoie rapid melting and a lower consumption of filed than in 
tlic ordinary coke-fired furnaces. To this end die waste heat from the melting 
hole is utilisi d for healing the air which is foicid iiiuhi piessitretiUo the furnace 
through the Hues suiiouiiding it, which peifoim to some extent thS functions of 
the Siemens regeiiei.itor. 


'I’llK MiM.KK I'I'RXACK 

Description of the Ftirrace Sictional elesations of the Miller (irucible 
iMirnace are shown in fig. js. The maiiiu r in which the Hues are constructed 




FlC.. 35.—Cokc-fircil Criicitde Furnace with Forced Dr.rught. 

a, Melting liolo , h, d, Ciucililes ; c, Grate bars , d. Air inlet ; t, f, Outlet flues ; /, Ashpan ; 
g. All polls. 

forms the special feature of this furnace. Inside the outer lining of firebrick is 
fitted a metal casing, which is lined with fireclay and magnesite. The bottom is 
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supported on brackets in which are fitted tlie hearer bars that < arTy the file l»ars 
forming the grate. Just below the grate is the a^b.pan, whuU usts on hre- 
brfek. It contains water for cooling the aslies as tli^ y fall, l auMiig ,\apoiu to 
rise and mix with the air, which assists in the combustion of the gas(.A in the 
furnace, 'ilie direction of the healed air is nulicalul hy airows on the illus¬ 
trations. 'I'he amount of air is regtiLited lu fore it parses ihroiii^h the inlet flue, 
grate, and |)orl-holc5 to the melting chamhe* As tlie outlet ihn-' het^imc hot 
from the gases i»assing to the chimney, the air of combustion is luaied, with the 
•esult that the cost of hiel is U ss than that of the ordinary coVc furn.u c. 

Op6ration«of the Furnace. —In startling up a new lurnace, tlie g< m lal practice 
of allowing the brickwork to dry natur.Jly ht fore iniiodiicing a liie is uhseivtd. 
'i'he drying being llioroughly ih)ne, ilu' fiiinace is Inated with wood and ci>ke 
until a melling hc.it is reached. The ili.iigtd crucibles ari- then placcil on fire¬ 
clay blocks, which rest upon the lire-gralc hats, 'I'hr nulling hoi«' is fillid with 
coke clo^cly pai k( d arrfund the criuiIiKs. A (o\<r c]<isis the o|k ning at the 
top of the nu lling h'lle ; c.u h criu ihle .il^o lias its own lid 'I'lie blast is luriu d 
on, and in about two hours a < hargo of imid steel s< iajt w< tglniig 7;; Ihs. 
can he ineltMl I he suapnu ll<d in this tune contains fiom o 1 to 0*15 
jKf Cent, •arhon. ') he pr<sMire ot llu- hla'-l <aii l<e rcgulaiMl to \aiy the 
temperature of ifie liunac< , tlu‘ pn ^siire found most suilabl<‘ for niclling mild 
slet 1 IS 4 to 5 Tnclu s wal< r eange. 1 Hiring tin- nu lling, the wal( r in the aslipan 
is ruuwdl from a pipi wliuh passes into .1 ihamlur helow the li.iis. The 
evamin.ition of die c»i( i!)les as the nulling pro< eeds, and the pulling out and 
finishing ot the steel ftith suitable atldilU'iis, are coiuludi.d m the oidinary 
mamu r as in the 1 lunlsin.in hiin.u e. 

Output and Cost of the Furnace, f or t!u- sake (rf« ompaiisnn, the cost is 
l>ased on a weekly output of .'5 tons (*1 lupiul st( el .Mtlunigh as m.uiy as 5 
heals have been oblaiiud in a day nl m hours, it is assuMie<.l that ; Inals ('ouKI 
he obtained regularly from one imlting hoK^ muiI. lining pots, (.n h with an 
average capacity of 7*5 lbs., tint is, a total of uoo Ihs. of sl »«1 per holi- per d.iy 
ofiohouri), tlu r (on-, i j nu Iting holes would piodiu e \\ tons pi r day, or .’5 
tons JMT week. 'J’ljg annual output would tlu.iefore be 1200 tons in pH weeks. 

'i'ho approximate cost of each 4-holo cuu ihlc fuinacc- wlu ii a h.ittery of i 2 
iiielting-holes is installed, is /,2oo, including roj.dly. 't he total < osl is llieii foic 
/,24oo. 'i’aking the usual figures for drprecialion and inti t. si 

Annii.d < barge for di prei talion (// 10 ,, ... A ' 

e ,, iiileresl (d. 5',, .... - y, 120 

• I'otal < barge . . ,/..iho 

• ^ * » 3^0 X 20 

Cost per ton of lii[uul steel = ' ^ oj- 


IfErhf/x Ci’sfi {f^r Ton of Liquid Skd for Carbon Steel Cadtnqs) 

Coat of Repairs. — 'J his item is rather more than in the ordinary Huntsman 
furnace, as the cutting action of the blast at the port hob s necessitates more 
frequent repairs. About every 3 weeks sm.ill repairs arc m.idc, and the lining 
requires to he renewed entirely every 6 wecifs. Tlie annii.d cost of re[)airs is 
apjiroximately ^^330. 

, 4 40 X 2 o * 

Cost of repairs per ton of steel melted — = 5r. (>d. 

Cost of Fuel. —The average coke consumption jier ton of mild steel scrap 
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melted equals 30 cwts. Taking the price of coke at 23^. bj. per ton, the cost 
of fuel |)cr ton of steel melted = 

Cost of Crucibles.—'f'he rapid melting of the charge has a corresponding 
effect upon the crucibles. The number of heats obtained varies to some extent, 
but when using good plumbago crucibles an average of 10 heats can be melted 
in one crucible of 75 lbs. average cajjacity, Or a total of 750 lbs. of steel. The 
number used per ton therefore = = approximately 3. Taking the price of 

crucibles at 91. bJ. each, the cost of crucibles per ton of steel melted 
= £l is. bil. 

Cost of Labour.—One puller-out ,and two labourers arc required for two 
melting holes. They see to the work^ of c’harging, stoking, and teeming. On 
the following basis of payment the cost is:— 

6 pullers-out (a) bs, bJ. per day . 1 . . . —1190 

12 labourers {n) 51'. per day . . , ..*--300 

I’art cost of foreman, chemist, and management -- 4 19 o , 


'I'otal . 

Cost of labour per ton of steel melted = 


. . £c) tS o 

/9 18,. • 

.1 = 


Cost of Raw Materials. 'I'bis depends on the <|tiality jif the semp and other 
materials used in the 1 barge, but a.ssuming that they are Jhe sanie as have been 
taken for the mamilacture of steel castings in the other furn.aces, the price pel 
ton would be ^'4 2 j. i,u/. 

Summary* of Costs. 

Cost of furnaces, £,2.\oo. 

• % C s J- 


Depreciation and interest. oho 

Kepaiis.056 

Fuel. .*1153 

Crucibles. . I 8 () 

Fore ed diaught (charge for). .013 

Labour. ..240 

Raw materials (including additions and loss) . . 4 2 ii 


Total cost per ton of liquid steel . . . ^10 3 5 

. 4 - 

The above furnace is perhaps of more lise in mdting additions for steel 
manufactured in larger plants operating the liesseinef, Siemens, and other pro¬ 
cesses. It is at present used successfully in making keel for automobiles and 
similar woik. It is the patent of Mr. William .Miller, of the Mild Steel C.astings 
Co., Ltd. 


The R.mmo Furnace 

Description of the Furnace.—Fig. 36 is a sectional elevation of the furnace. 
It consists of a cylindrical casing lined with firebrick or ganister, through which 
a series of tiers of draught holes convey heated air to the coke surrounding the 
crucible or crucibles. When working the furnace with natural draught, the air 
is drawn into the furnace by the chimney draught, but a fan is used when the air 
is supplied to the furnace under pressure, 't he air is conveyed through a pipe 
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from the Ian to an air belt which surrounds the jxrrt holes, and thence through 
the lining to the furnace. Piite connections are also carried from the air belt to 
the closrf ashpit below the furnace, so 
that air may be forced through the gr.ite 
bars into die furnace. The amount of air 
delivered to the furn.i^e is regulated by 
means of a rack and handle for each tu r 
of holes, which move bands in tlio air 
belt surrounding the furnace, and in 
which there aje port holes. 

Operation of the Furn8ce.--It* re-‘ 
quires very littit skill to work this fur-* 
iiace. When the lining is thoroughly 
heated with wood and coke, the ^ nicible 
or crucibles are placedwin fireclaj' blocks 
on the fire-grate bars, the furnace is 
|>3cke«l Vith coke, and the (nicihles 
charged and clo'-ed. .\ller the (0\er is 
pbced on the top of the furn.iee, a gentle 
blast is apphedwf the natural draught is 
insiiflkient, aiSd the process of melting 
begins, t'oke is added from time to tune 
during the 2.I hours [equired to melt the 
charge. The 6rucible*is exannned dur¬ 
ing the process to see how the melting 
is proceeding. tVlieii the charge is 
ready, the cnicible i.s lifted from the 
furnace with a pair of tongs in the or 3 i- 
nary way, and teemed into moulds as desired. 

Output and Cosltof the Furnace. I'ronf one furnace containing ,5 crucibles, 
each having an .sver.ige ra|>.n ity of lbs., about p ewts. of mild slei I or wroiight- 
iron scrap can be melted per day of 10 hours, that is, .( heats are oht.iined |ier 
day. A.ssummg an output of 25 tons of molten steel per week ( = 1200 tons 
per year of 4.S weeks), 10 separate furnaces holding 4 erm ibles each would be 
required, or two bloi ks, each having 5 melting holes with a capacity for 15 
crucibles per blork. 

The cost of the two blocks, with the necessary cliiinney, and including royalty, 
is appro.'ciniately .ifjoo. 

.'. .\nnual charge for depreciation be 10 ' . . . . ' g^7o* 



Sectional Elevation 

■'/k. —Coke lirt'ti < iiuil'lf I'l 

« itli I' ttrt' I >1 infill 


, \l< liiiif; tii'I' /■. I nil 
\ir iiil< I . <. \i! Im-Ii , 
K.ti k .11.1 ll.vi.ll'. twi 
C (iiitlft ihif 


l.If 


• 1)1 


/. 

/, I ’■ •! ill lit s , j; .iiiil A, 

It ^iil.iiiiit; .III supply , 


lUtcrcbt 




/.iS 


^ Total charge . . . /.lo? 

^-* r, ■ , , lor X 20 

Cost pe^ton of Iniuid steel = ' ^ ii. cyr. 


IVoriinf Costs {/'<r 'I'on of Lhixul Stoolfor Carbon Stool Cmtin^i) 

Cost of Bepairs.—As the mcUing of this raw materials is larried out rapidly, 
the lining of the furnace requires to be renewed frequently. Kvery few weeks a 
new lining is required, and, bikeii throughout the year, ihe total cost of re[iairs 
amounts to appro.viinately 52. per ton of steel melted. ' 

Cost of Fuel.—Ordinary .gasworks coke is used in this furnace. It is 
necessary, however, to avoid using coke containing a high percentage of ash, 
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which would mean constant clinkcring of the grate bars, and more repairs'to the 
furnace. Win n using gas coke, about 2 tons arc required [wr ton of steel melted. 
J akmg the coke at 15^. pi.r ton, the cost of fuel jxtr ton of steel melted 
= /'r loj. 

Cost'of Crucibles. ..V> average of 10 be.ats is obtained from the best quality 
plumbago crucibles when melting mild steel ucrap, or a total of 850 lbs. of steel 
per crucible. Iberefore, the numlier of crucibles required per ton of steel 
melted = ",'-’,1:’ = 2-63. 

laking the crucibles at i3r. 61/. each, their cost jrer ton of steel melted 
= 13/6 X 2-63 = £i 15s 61/. _ , 

Cost of Labour. 12 men are required\o operate 10 melting holes success¬ 
fully, the work including wlvieling and charging i.oke, charging crucibles pulling- 
out and teeming. 

On the following basis of payment the costes as follows : — 

4 piillcrs-oiit rdl hr. 6</. per day . , . .V) 0 

8 labourcr.s (ijj 51. per day . -.200 

I’art ol co.st ol lorernan, chemist, and iii.inageinciii . . 560 


Total . . . ,/,'6 12 o 

Cost of l.diour per ton of steel melted = /j y,. 

Cost of Raw Materials. For comparison, tins price 4S taken'at /".i is. i \d 
per ton as in the other furnaces. 


Summary of Costs. 

Cost of furnaces, ^^700 " 

Dejireciation and inlerest . .• . . . 

ke]iairs. 

Fuel.^ ' ' ' . ' ’ 

Crucibles .... 

Foned diaiiglit (ch.iige loi). 

Labour. . . ... 

Raw materials (including addiiioiis and lo^^; 

Total cost per ton of liquid steel 


/ r. 

• . .0 1 q 

.050 
I 10 o 

* 1156 

o 1 3 

I 9 4 

\ 2 II 

• /■') 5 9 


The iirice of steel scrap varies consideralily in difl'erent distiicts and at 
diHerent times. .Wome users of this furnace produce good quality steel castings 
roll, .scr.ap for which ./ j o.r, 0,/. to yj3 lor. o./. >er ton has* been paid, 
mslc.id of ,,/,4 Of . o </., the ligure taken upon which the raw material price is 
based. It does not lollow, however, that good ipiality cashngs could not be 
produced eipially well in the other types ol furnaces e'escribed, with the same 
quality of scrap. 

This fuinace, patented in 1909 by Mr. James Chenall, M.Inst.C.lC., is also 
we I adapted for melting physics for kirger steel plants as well as steel for 
ordinary castings in regular (juantitics. 


Thk Lindkmann Furnace 

Descripton of the Furnace. —The furnace consists of a double-walled iron 
casing lined with firebrick, with a hollow grate on which the crucibles rest. See 
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••'g- 57. "■I'icli shows a sectional elevation of the furnace, lletween the n.ills 
of the casing are partitions of channel iron, open at one side, and so arranged 
that the open side of each partition is op|iosile that of the |urtition placed above 
it. .\t the top of the casing, a pipe admits air iiiultT pressure intolhe hollow 
casing, a valve serving to give the ropiiied regiilatiori. The air is delivered to 
the funiaie from a f.wi, and p.issi« from tlie top to the hottoin of the hollow 
casing m a ng/ag direction, tlienee to thj; hollow grate. 'I'he air,therefore 
becomes heated 111 its ‘i>assage to the giate, and also serves to eool the liirnace 



wall at the same time. The fuel used is l oke, anrl tin pimliiils of roininistion 
|)ass awa> throiigli the outlet at the to]i ol the . hiiiiney. 

Operation of tSe Furnace. The furnace is opei.iied in .1 similar manner to 
the two ftiinar^., previous!) desi rilu d in this eli.ipter 

Output and (Jost of the Furnace. The i.ipn.d outlay lor a liiinaee capable 
of an output of from ico to 120 tons in 250 woiking il.i)s is appruviiiiately 
/'d 75 - 


Summary of Costs for Melting 220 lbs. of Steel. 


L r. 

210 lbs materials. . . o 4 10 

1 I rue ible, (i/J .S 10 each .' . . . . . . . o* .H 10 

4to d)s. coke ecpialgo 200"'tif niateri.ils melted, (a: 24 H ton . o .4 10 

I'utn.iie tciiairs .7 . .oiiij 

( list of running fan .’.... ..006 

Melter and other vv.agis. . . o i ii.J 

Additions and dtber,materials . . . .010 

Ueprcciation and interest = 15',' on i^ipital . ... o 1 6 

Total. . . . /'i 7 _ 5 


Or approximately i4r. I'L per ton of liepiid steel. 

_ The above figures are for i.unditions winch hold good in Middle Germany, 
particulars of which were supplied by Mr. Robert LineJemann. 
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GAS-FIRE}) GRUCini.E FURXACES 

Tiik gns fired rnicible furnaces in ISritaui, America, and on th^ Continent are 
citlicr of tile .Siemens regetuirativc type or modifications of it. 



Sectional Elevation 



Section on A B 

' Fir., 38,-Siemens G.is-liroc! Cri'cihle Furnace, 

a. u, Mcliinc holes ; ii. CrueiUlcs , c. Coke heels , .Z. V.ujJi; c, e, C'ombuslion chambers ; f. f, 
()as]M'ils. r. e. ports; /i, A, (jas regcneratois, t-. h, .-\ir repeneralors , /,Gas inlet, m.Gas 
reveism;; \,il\e , n, Air revcrsiii}; s.iKe , e, Chimney Hue , />, Chimney flue ilamper. 
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The principle of utilising the waste heat from the molting holes for healing 
the air which mixes with the producer gas for mcltin", has been aiiplied since 
1866 to this form of funiace. It is said that one of the lirst Siemens regenerators 
was applied to the crucible furnace. 'I'lic degret of accuracy ^•llh which 
regenerators can now he built is very much higher than obtained oiiginally, the 
result being greater.cllii ienc) iik working. 'I'hc *'ordinary fonn " furnace is 
still used in this country as well as in Aniern^a and on the ('onlineiit, al(Jiough the 
“new-form” Siemens furnace is gradually replaung it. 



Section on C 0 
fir.. j.S. 


“ ftkDlN.AKV-l'OKM ” SfKMKNS I’lJKS'ACK 

Description of the Furnace, -The consinution of this furnace r: shown m 
Kig. 38, whilst I*lg. 39 shows larger sei.tion.d views of the nulling i h.iinlier. 
This furnace consists of two or more melting pot-hoh's, on each side of whii li 
arc two rcgcner.ators for gas and air. Tlie furnace sliowii m big. 38 is for two 
melting holes, each capable of healing siv crui ihles. 

The producer gas and air pass u|> through their res|KCtive c hainhers on car h* 
side, alternating during the melt, and produi e a very satisfactory heating effect. 
As the melting hole across which the llame passes is very narrow, ll^- g.as and 
air cont,bine and burn in tiio th'rec narrow flues before entering the melling hole. 
The progress of the flame throuftli the melting hole is also retarded by having the 
three inlet ])Orls out of line with the three outlet [XTrCs on the opposite side of the 
melting chamber. A /eiy intense heat is obtained in this manner, so iiiiich so 
that the cutting notion of the flame upon the sides of the melting hole is most 
severe, necessitatilig tlio use of protecting bricks, which arc made of the highest 
resisting silica firebrick. The form of the melting hole also cm our.iges the 
concentration of the heat; the inclination of the brickwork on cai h side of the 
chamber towards the toji deflects the heat upon the crucibles. 

The crucibles stand on coke dust, wipch forms the bottom of the melling 
hole. At the bottom of the coke bed and in the centre of the melting chamber, 
there is a hole which passes right through the brick and iron work forming the 
bed. to a vault below. This hole is usually covered with an old crucible clay 
lid, upon which the coke du^t rests. Should an act ident happen and a charge 
of steel be lost, a hole is made through the coke bed to the vault below, and 
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the steel allowed to fall through. The coke bed is renewed and work proieeds 
again without much delay. 

Operetion of the Furnace.—As a rule, two shifts arc employed in working 
this furnace, each gang obtaining three heats during the shift; the second gang 



■elieve^ the first after the third heat is completed, at whatever hour that may be. 
The furnace works continuously from Monday morning till Saturday morning, 
vhen it is patched or repaired if necessary. A hole through the coke bed in 
he melting chamber is usually made every Saturday, and any clinker and steel 
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from the furnace is pushed through the bottom, after winch a fresh bed of coke 
dust is made. 

Each melting chamber holds 6 crucibles, and is cloved by 3 rovers lined with 
firebrick. As each cover serves for 2 crucibles,* it is unnecess,*ry to move 
more than one at a time, when placing or removing the crucibles. 

The h.andhng of the crucililes^n charging and pulling out does not difl'er from 
that in working the other c rucible furnaces.. The regulation of the gas and air 
is most important for producing uniform heating, whii h is sonieUincs very dillicull 
to obtain throughout the melting hole without careful manipulation of the gas and 
air valves. , 

Output and Cost of the Furfia^e." The installation of a plant to produce 
25 tons of molten steel ])er week, or g? tons [ler 4jay of 24 hours for ordinary 
steel castings, is very costly compared with that of coke-fired crucible fiirn.ices. 
If each chamber is capable aif melting 6 heats m the 24 hours, and e.ich 
crucible has an avei«ge capacity of 75 lbs., the weight of steel melted in that 
time = 2700 lbs. per chamber. To produce 4J tons [ler 24 boms, it would 
be necessary to have 4 nulling holes. 

One complete furnace, with four melting holes, having r. generators on each 
side could be installed, or two separate furnaces each having two melting holes. 
The latter ]irfiposition would be better, inasmuch as the melter would thereby 
obtain morS uniform results in beating. 'I'his consideralion alone would be 
sufiicient to induce one to instal two blocks, big. 3S, previously leferred to, is 
an illustration of ope pair of melting holes. 

The cost* of twB com|)lctc double melting hole furnaces, including gas 
producers and chimney, would bo aiiproxirnately ^(^3500. 

/. Annual charge for depreciation (.A ic»”, — 

„ „ i«terc 5 t fe) 5% 17 .S 


Total charge . . . ./‘‘i-’'; 


Charge for depieciation and interest per ton of steel melted 


523 X 20 
1 200 


,S t. 91 /. 


Wotkint; Costs (/ir ton nf Ltqoui StiUfor Carbon Stool Castnqoqi) 

Cost of Repairs. With reference to the reliairs to the furniK.e, these vary 
in some me.asure according to the method of working. Iriegular healing not 
only affects the crucibles and the output of steel, but the walls and ports of the 
furnace as well, (las furnaces of the ty|)e illustrated can run contftiuously for 
about 6 months without repairs, except for the usual week-end renewals of coke 
beds, etc.» A fortnigfifc to 3 weeks is rcipiired for the dismantling, rebuilding, 
and reheating, and thcr'ost depends uiion the extent of the work done. 

The total c^st of repairs per ton of steel, including repairs to furnace, 
producers, and'makijg good coke bottom weekly, = on an average fir. <sd. 
per ton. 

Cost of Fuel. —Instead of using ex]iensive coke at anytbing between lor. 
and 3or. per ton, an inferior coal can be used in these furnaces at a cost of 74. 
to lor. per ton in the Shellield distrn.t. The average amount of coal consumed 
for melting ordinary steel for castings is Sbout 1} tons which, with coal at lor. 
per ton, makes the cost of fuel per ton of steel melted = i^s. 

Cost of Crucibles. —When gas furnaces were introduced to Sheffield, Messrs. 
■Samuel Osborn and Co., Ltd., who were about the first to instal one, found it 
difficult to maintain an uniform temperature throughout the melting chamber, 
which caused some of the crucibles to get too hot and fail, whilst others were ^ 



92 


LIQUID STEEL 


not sufficiently heated. This danger is now overcome, and by regular reversals 
of the gas at each side of the furnace, an even temperature is obtained 
throughout. When melting materials for tool steel, an average of 3 to 4 heats 
are obtained per clay crucible, and from 8 to 12 heats from good plumbago 
crucibles. I)y melting steel scrap, etc., for mild steel castings in clay crucibles, 
from 3 to 5 heats can be obtained from each cjucible, whil^ plumbago crucibles 
give an ayerage of about 15 hcats^ When producing steel for castings in 
plumbago crucibles of an average capacity of 75 lbs., each crucible will melt 
1125 lbs. of steel, therefore the aiiproximatc cost of plumbago crucibles per ton 
of steel melted, when crucibles cost pr. 6d. each, = igs. , 


Two pullers-out («! 6s. 6if. each 
Three labourers ^s. each , 

Total. 


n.Ty .Shift. 

flight Shift. 

/ /. d. 

c </. 

■ £> 50 

0 6 6 

.07^ 

090 

. ’o 13 0 

0 150 

. 0 15 0 

0 18 • 0 

£206 

8 6 


Working ti shifts per week, the total weekly wages = /^24 5^. /></. 

Adding roo |xir cent, for part expenses of foremen, chemist and manage¬ 
ment, the total cost per week = /^.(S itr. or/. 

(.'ost of Labour per ton of steel melted = iSs. \od. 

Cost of Raw Material#.—The cost of raw materials is taken at 2s. i id. 
as in the other estimates. • 


Summary of Costs. 
Cost of furn.ace, .^{^^3500. 

Depreciation and interest. 

Repairs .... . 

Fuel. 

(.'rucibles (plumbago). 

Dabour .... . 

Raw materials (including additions and loss) 


/ r. ,/. 

0,8 9 

066 
0150 
019 o 
1 18 10 

4 2 11 


• Total cost per ton of liquid steel ,. . ^8 it o 


“ Nkw-Form 



SlEMKNS FURN/\CE 


Description of the Furnace.—The construction of this furnnee is shown in 
Fig. 40. 'J'he chief points of difference between the •“ orRinary-form ” and 
“ new-form ” of Siemens crucible furnaces are as follows:— 

(t) One pair of regenerators is used instead of two. The gas from the 
producer passes direct to the melting chambers instead of through regenerators, 
and meets the heated air drawn through the air regenerator, mixing with it 
before actually reaching the melting chambers. 

(a) The arrangement of the producer makes it virtually part of the same 
structurb as the furnace, and not a separate part as in the older form of furnace. 
The gas is thereby delivered to the melting chambet at the initial temperature o( 
the gas producer. A considerable saving in fuel is thereby effected, as losses in 
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tranimission are avoided, such as those arising from (.i) the de|x>sit of tar and 
soot in tlie flues between the producer and the furnace (the useful heat from 
which is utilised in the “ new-form ”); {/>) the loss of gas at each reversal of the 
the gas valve, and also the inevitable escape of gaJ through imiteiTectly fitting 
valves; and (.) losses due to radiation from the external parts of producer 
and flues. • • 



* Plan 

Fl(\ 40.—“ Xew-Form ” Siemens flas-fired Furnarc. 

•*, Mehing chamber , Crucibles ; c, ( okc l)ed , V.auh , t, (j.is protlui cr ; / y, Air 
regenei ators. 

(3) Another point of diflerence, and one which should apjieal to manu¬ 
facturers, is the initial cost of the furnacw, which is between 30 per cent, and 50 
per cent, less than that of the “ordinary-form " Siemens. It also occupies less 
space, a factor of considerable importance where ground area is' limited and 
valuable. 

The size of the melting chamber for a furnace in which 12 crucibles are 
heated is about 16' x 4’. The flame from the mixture of gas and air enters at 
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one end and passes along the full length of the chamber, thence to the regenerator. 
The crucibles nearest the admission [)ort are heated rather more quickly than 
those at the extreme end as long as the gas continues in the one direction, but 
the direction is reversed tvery 20 minutes, and what was formerly the inlet 
becomes the outlet. A proper regulation of the heat throughout the furnace is 
therefore maintained. The heat from the hot j^ses passing .into each regenerator 
alternately^ is absorbed by the che<|i^cr bricks before the spent gases enter the 
chimney. The regulation of the air admission to the regenerators is done by 
means of reversing valves, through which air at one time jiasses to the • 
regenerators on the left-hand side, while the other on the right-hand.side is open 
to the chimney. The melting chamber Has 3 coke bed on which the crucibles 
rest, and i.s arched over at the top. There' are 0 holes in the arih of a ra-pot 
furnace through which access is obtained to the melting chamber for charging 
and pulling out crucibles; suitable covers close <he holes, lielow the melting 
chamber a cellar of the usual form runs from end to e»d, communication to 
which is made by steps at each end. 

Operation of the Furnace.—When a new furnace is built, the drying of the 
brickwork is carried out carefully. The brickwork is allowed to dry by natural 
draught for a day or two, afterwards a gentle fire of wood and then coke is 
introduced in the producer and melting chamber. The slower »lie drying the 
less chance there is of expansion. When the furnace is properly dded, the coal 
staging adjoining the jiiodiicer is charged, and coal is fed into the producer 
through the hojuiers. When the producer is fully charged,,a steam jet can be 
turned on and the gas forced through the furnace. The mle of flow of gas is 
under perfect contiol, being rcgul.ited by a small steam valve, and the direction 
of the flame is changed at^intervals by moving the gas and air reversing valves. 
The crucibles are usually Jilaced in the melting chainher before being charged, 
and are then filled with steel si rap and pig iron through funnel-shaped fillers 
which rest on the crucibles. In some works the charging is done before the 
crucibles arc [ilaced in the melting"clumber. The operation of melting is 
watched carefully by the melter and an examination made from time to time 
during the melt, which lakes about 3 hours. 

Output and Cost of the Furnace.—With ordinary crucible steel.s, 4 heats 
can be made in the 12-liour shift, hut in England an average mimlier of 3 heats 
is preferred during one shift, or 32 heats duimg one week’s continuous operation 
^f the furnace from Monday until Saturday morning. Using ciiicihles of 75 lbs. 
average capacity, the total weekly output from a fiinuce taking 12 crucibles 

32 X 12 X 75 , , 

would be-- = 12, Ions approx. 

• 2240 - ‘' 

To obtain 25 tons output per week regularly, or 1200 tons per year of 48 
working weeks, two such furnaces would be required,,c'osting approximately 
;^2ooo, but depending somewhat on the condition of tliij site upon which they 
were to be built. This jirice would include cost of furnaces willi producers, 
chimney and foundations. , " 

Annual charge for depreciation 10% on 2000^ = 

,, „ interest ti’, 5% on ^^2000 = 


Total charge . . . ;^300 

^00 X 20 

Charge for depreciation and interest per ton of steel melted = ' ^ = S'*- 
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Working Costs (for ton of Liquid Steel for Cor/vn Steel C.istinos) 

* • ' 

Cost of Repairs. -The fact that the furnace can run for 12 to r8 months 
without requiring to be overhauled and the melting chambers and gas and air 
ports rebuilt, considerably limits the cost of rejiairs, which is smaller than with 
the ordinary Siemens furnace. The averil^e cost is about 41-. („l. jicr ton of 
^steel melted. There is also the cost of renewing the coke bed weekly, and 
cleaning the producer, etc., which amounts to .about u. per ton of steel melted. 
Tot.al cost or reirairs per ton of steei therefore = 5r. (>, 1 . appio.x. 

Cost of Fuel.—There is a very coilsulerable saving in the cost of fuel com¬ 
pared with that consumed in the ordinary coke furn.icc. W hen the jirice of coal 
is lor. per ton, one ton of st^cl can be melted in the “new-loim’' Siemens 
furnace for about lar.^ 

Cost of Crucibles.— An average of about 15 heats can he obtained from good 
plumbago crucibles, when melting mild steel scrap and |)ig iron for steel castings. 
At a price of pr. 6</. each the cost of crucibles per ton of steel = approx, iqr! 
(If clay crucibles are used, an average of 4 heats i an be obtained working on the 
same materialsjis above, or an eapiivalent of 300 lbs, of steel from one crucible. 
If taken at tl*c price of 2s. each, the cost per ton of molten steel = approxi¬ 
mately 15^.) 

Cost of Labour. — This differs little from the labour on the ordinary gas-fired 
crucible furnaces, .alirl is no more than is reipiired for the coke-fired ones. 
Where two gas-fired furnaces of the si/e now being considered are installed] 
the labour involved in supplying coal to the gas prodm ers would not he <iuitc 
equal to that in wheeling coke to coke-fired furnaces, .fiid at least one man le.ss 
per shift would be required on this .atcount. The labour reipiircd to work the 
two furnaces per shift is as follows; — 

One melter. • . 

Two “ pullers-out.” 

Three labourers (one attends to gas producer). 

Including part expenses of foremen, chemist and management, the cost of 
labour per ton of steel melted = approximately ft itu. <)l. 

Cost of Raw Materials.—This is taken at f 2s. 11./. per ton, as estimated 
for the production of steel castings, and as used in the other costs. 

• 

Summary of Costs. 


Cost of furnaces, f 2(100. * 

• ' C ’■ et, 

ITepreciation and interest. o 5 o 

Repairs . . . o 5 6 

I' uel ...... . 012 o 

Crucible* (plumbago).o ly o 

Labour.1 16 9 

Raw materials (including additions and loss) .4 2 ir 

Total cost per ton of liquid steel . . fj> 1 a 
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“Ordinary” and “New-Form” Siemens Furnace Costs compared. 


Cost <i( fiirn.i( (• 


< Itifiiiar) •! ottti^ 


/: s ./ 

35 MJ o o 


“ N I w •{ '.rm 
'^1' .i.< ii> h ui iuc«. 


/: s d. 

2000 o o 


I>C|)r< ci.ujcvn .mdinunsi o/. 15 
KcjMits ... 

I'ucl ... 

(’niciMts 
I..al)(>iir . 

K.'iw nialcriaK .... 


O S 9 
o 6 6 
015 o 
0 !<» 0 
I «S to 

4 *’•> II 


^>50 
056 
0 12 
o K) O 
I 16 () 

4 2 II 


'i'nlal losi JH.T Ion ofsUcl Ill'llli) . 


n 


o 


I* 


DsWSdN, KOIUNSdV AMI I’ni’l', l’lR\A(,i: * 

Description of the Furnace.—'I'his fmn.ice w.is (lrsi};nc|l uiili ilie oliject of 
obminiiig betirr coiilriil iil ibu g.'ises in t.n li mdtiiig IhiIk tli.in ift the ordinary 
Siemens furnace, I'lg. .(i sbous the airangciiieiit of the furnace, wlin li consists 
of 3 separate imlting boles built togethei in one block, beliinil uliich are two 
pairs ol gas and air regenerators. 'I he tn^is of the rigim lators are below the. 
bottom ol the melting boles, the connection to ea< h ol the latter consisting of 
two gas and two air Hues, wbicb are under separate control. 

In the sectional plan it will be ofeserved that the Hues are 4 if different lengths. 
'I'lie gas and an pass thiough the two outer regeneiators, along the Hues to each 
of the thiee iiielling holes, and after Sttee])mg round the furnace, pass along the 
two shorter Hues to the two inner regeneiators, thence to the i lumiiey. The 
gases contmue m this direction for 20 to 30 minutes, after whn h the g.a,s and air 
valves aie reversed, and the gas and atr pass through the two iiitier legenerators, 
along the shorter Hues to each melting hole, and return to the chimney by the 
longer Hues and outer regcner.ators. The rever.sals of thedireition of the gas 
and air are keiit U|i at intervals while the furmace is m operation. 

Opertttion of the Furnace.^ iN'o special knoivledge is required to work this 
furmace, more than that required for working,the ordinary gas-fircd Turnace. 
After the usual drying and heating has been carried .olit, the changing is per¬ 
formed m the customaiy manner. About 31 heats, aijd occasionally 36 beats, 
can be obtained from the fiiinace per week, when it is worked continuously 
from 6 a 111. on Monday until y a.m. on batuid.ay. Any ^e^iairs required to 
be done are carried out on the isaturday allernoon of during the week end. 
These are small, apart from the renewal of the coke beds at the bottom of the 
melting boles. 

K.acb melting chamber holds 5 to 6 crucibles, and b.is three covers lined with 
firebrick of the usual tyjie for closingthe toj) of the furnace. These are removed 
singly as required, to admit of lifting r or 3 crucibles from the melting hole. 
The cliargmg of the crucibles is performed after the crucibles are placed in the 
melting holes, the ordinary funnel being used lor this purpose. 

Output and Cost of the Furnace.—In melting ordinary crucible steel, an 
average output ol 31 heats is obtained per week, working from 6 a.m. on Monday 
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until 9 a.m. on Saturday. Using cnicililts of 75 Ihs. c.ip.icity, the tdal wcikly 
output from a furnace with 5 melting holes, e.ieh cont.nnmg 5 c nieililes is - 

75 X .;i \ Is , ' 

,, = 17 tons apiuoMinately. 


I he cost of such a furgaeo witliout ;;as pioducer is loiighl) / 000. 



Fio. 41. —Dawson, (fohinson, anil Pii|,i' fircil CruciLIc Fiitnace. 
a. a, Mtlling l,ol. s ^ t. t, fniiil.li.s. ,, e, i ok.- I, ,K , V.iult , ,, ^ Air fiiw-,; 

liuci , i', (ja-) ft ID lajuis, /4, /(, A)f I iH'rotias 
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To obtain 25 tons of steel weekly, a furnace with 5 melting holes would be 
necessary, costing a|j]iroximately, with gas producer, chimney, valves. Hues, and 
foundations, /'jooo. 

ajinual charge for depreciation 10 = /.-oo 

„ „ interest (a 5 - /'loo 

Total charge 

Charge for interest and dej)reciati()n per ton of steel melted — 

,^00 X 20 _ 

“ 1^00 • 

JVerkini; Costs (/’or fon of Lifliid Stool for Citihon Stool Castings) 

Cost of Repairs.—The weekly renewal of the coke beds is about all that is 
required during a 12 months’run of the furnice. The total annual repairs to 
furnace and producer, together with making good ccTke bottom weekly, are 
estimated at 51. (iJ. per ton of steel melted. 

Cost of Fuel.—For melting tool and high-grade steels, the coal consumption 
varies from 27 to 35 ewts. per ton of steel melted, whereas for melting the same 
class of steel in the llimtsinan furnace the coke consum[)lion reaches 50 cwts. 
The coal consumption for the grade of steel now considered wo^ld be between 
20 and 25 cwts. per ton of steel, and, taking the price of coal at ror. per ton, 
the cost of coal is approximately 12s. per Ion of steel melted. 

Cost of Crucibles. -With proper care in handling, aft average of 25 heats 
can be obtained from good plumbago crucibles when’inelting mild steel scrap 
and pig-iron for steel castings. 'I'he cost for crucibles, when taken at 91. 6 if. 
each, equals 190 approftiinalely per ton of steel melted. 

Cost of Labour.—The following nieitare iet|inred [ler shift:— 



I),l> si, 
1 '■ 

it 

,/ 


Ni-l 

£ 

if shift. 
. 1 . </. 

One gas-producer man . . . 

■ 0 5 

0 


0 

6 6 

One nielter. 

• 0 7 

6 


0 

9 0 

'Two piillcrs-onl (</} 6 s. 6 d carh 

. on 

0 


0 

*5 0 

'I'hrcc labourers {a] 55-. each . 

. 015 

0 


0 

i S 0 

Total . . . 

f's 0 

6 

Total f/,2 

,S 6 


Total weekly w.agcs = ^,24 52. 6,/. 

Adding 100 per cent, for pait ex()enses of Foremen, Chemist, and .Manage¬ 
ment, the total cost per week = ;£^43 i is. 


Cost of labour per ton of steel melted i= 


/iS II/. 


= ^i 


I Sr." loil. 


~i • 

Cost of Raw Materials. -The cost of raw materials used in producing one 
ton of steel is taken at ff 2s. in/., as in the other estimates. 


Summary of Costs. 

Cost of furnace, /.'qoo. 


Depreciation and interest.o 

Re])airs.^. . . . . o 

Fuel. .... . . o 

Crucibles ... . . .o 

L.ibour. . . ... I 

Raw materials (including additions and^ loss) . . 4 

Total cost per ton of liquid steel . ^,'3 


r. 

.I o 
6 

12 o 
19 o 
18 10 

2 It 

3 3 
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;■ ('rucibie steel furnace^are iisedin Aiiienea for melliiif; matenals for all kinds 
of small imncale stiel iaslin^;s whuh ate found dillicult and costly to |iioducc 
; by other methods of mamifacture. They are also em|>loyed for the mamtfacturo 
of steel for ordnance, sin h as small aims, ”uns, and projeotiles , lor various alloy 
1 steels, which arc now used so nun h m high class automoliiles ; and in the Wear¬ 
ing parts of othej m.iclimery It may he said, however, that ciiicihle liirnaces 
are mostly used for the iii.mulacture ol all classes of tool steel. 


Gas-FIKI-: 1) KhKNACKS 

PiflTcrent types of gas-tired furnaces are to he found in .America, the one 
described and ilhisiiated on p. S.S hemg not iincomi»on there. for larger 
plants, furnaces made to contain jo, ^o, ainl 6o ciucihles aie also in regular 
0|ieiJtion, the following being a description of a ly|.ical 50 pot 1 riicihle fuinace. 

Description of the Furnace.—The melting ch.imher of the furnace contain¬ 
ing 50 crueihics IS divided into 8 coni|)arlmeiits; each of the end com|.artiiients 
holds 8 crucibles, and 6 crucibles can he placed in each of the othei 6 compart¬ 
ments. Although the furnace has capacity lor 52 crunhles, only 50 aie used at 
once, the remaining s|)ace be ing occui'ied for heating iiinnei c ups liie melting 
chamber is continuous but for the dividing arch at the top, wine li intercepts the 
flow of gas tn its passage through the furnace, dins is a usehil battle, and 
enables the gases to he spent nioie fully in the furnace instead of passing into 
the regenerator, and thence to the chimney, livery 20 minutes the directican of 
the gases is reversed, and a uinlorin tem[)eratuie is maintained throughout the 
furnace. Kach eompartmeiit i.s-covered with frames lined with silic a* bricks. 
1 he end dloinpartment.s l;ave each four covers, one cover for 2 crucibles, diie 
other compavtments are •each covered likewise, all being on the floor-level. 
Ihere is a runway overhead in line with the furnace covers, from whii h is sus- 
I>ended a lifting-b^r at the end of a chain. Ily the aid of this lilting-bar one 
man can remove anti repj.ice the covers from the top of the furnace, d’o one 
side of the melting hole are placed the ingot pits, and fac ilities are jiiovided by 
a special tijiiiing device for emptying the crucibles into them or into a ladle as 
required. 

Operation of the Furnace.—d he furnace works continuously from Monday 
morning until .Saturday afternoon, d'he' avefage number of heats is 6 every 24 
hours, or 33 heats per week. It could he driven at a greater rate, but the effect 
on the furnace would be serious, and no economy obtained, . 

The materials for the charge are weighed in a room adjoining the furnace, 
and placed in small trays on Tight trucks, winch arc wheiied into the furnace 
house. While one map holds the crucible in a [lair of tongs, another man 
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tm|-lics into it the cont<'nts of the ira) through a filler cup placed over the 
mouth of tin rrunlih. 'i lus is (ionc carefully and ijuickly, the wliolc charge 
being v.(,)l (1. '1 In, ^ hold about icj lbs, and are fitted with clay 

covers, t 

'1 h< iiitltnig proci « ds in tht oidinar) way, taking from 3 to 4 liours {>er heat. 
When the luat is rtady, <>nc of the (o\<rs 5 ai the lurnaf*- is removed, e‘X[>osing 
2 (lunhhs (»nl) at a linn '1 i:«s(- ari idled <nit Ijy liam! tc-ngs, and lianded 
to the l(.<iiur, win) |.<airs the (onltnts mtt.' the ing<d moulds or ladle. The 
cnif ihle IS HiiniLiii.iti ly e\arnin< <1, and any slag nio\i<l lu fort heing \ assed on 
U> llic “filhrs” *\o tune is !<'sl in,the operalitm; (.ach ni.in Irnow-s his duly 
and < arm s ii out will) pm I'iion. , 

Output and Cost of the Furnace 'Du cost of ilu furn.ne is estimated at 
/,7ooo. 'Ihf output IS r<nig!ilv 7.} t<nis pi 1 wee'k, or tons per year of 

[S wetks Will) Mali n l.iig. mitj ul, thi < haiL'i [ir l>*n nf slij jiRlled for 
ihpn nation and jnt« r< st is vt.r) imn h iis:* than tlfal id gas-tiie<.l luinaccs 
woikmg III! sin, lib r mitputs 

//'. //;//;,'■ ( bj/i (Ef Ti'ti if II'/tiiJ .\A <//'/ Sit/ 

Coat of Repairs llowc ‘ st.itis that ‘.Xnn.nran gas finn'.nis are repaire'd 
.ihout ev« ry 6 nnnilh^, with an uulla) ol .ibout ^5*^ dull.irs id the* rase of a 
pot fiiinaci ’ .\pnil (nun tin wttkh ri p.ui", ulm h (uiimnI of .a small 
amount of j'.Uc lung and n in-wals ol the < oke bi il, tin ju;^ tn e ami ( ost .ire now 
ai)out llie saiiK as win n Howe wroti on the sutijict. ooinetmus a (iiinare will 
run for 9 inonlh'., hut this is e\r( pl.onai, tin ,i\t r.ige tinu hi ing 0 m< mths, 

'I In-uiilput ol tliepaiiiaie n.lcm<ltoh\ I low e w .is .diout i Ooo tons duiing 
the caiiipaign ol 6 months, and tin, cost,o| npaiis _/ j 2 iS). 4,/ 

.’ the ( ost ol lepairs p( r ton of sii. el nil lied Jppioxmi itelv ic./ 

Win 11 tin- luiii.K e is l.ml otl lor lebuildmg, tin; time t.iken to ilo the repair is 
not nior< than 2 m tiined.i\s as a rule, luit tin, otn.ilmg id tlie luinaee* takes 
bom lu to 12 da>s .'>ilir.i lun ks are used in n building the melting < hamhers. 

I he lost o( n pails gi\<n alioxe is ni>t lompaiahle with the < ust of gas- 
liiin.n e lep.iiis m ( h.ipler \ (11, wim h iin liuk s t osi ol making good the ( oke 
liotlonis, ami llie \\eckl\ repairs to lutnaci ami produci.r Ilu larger output of 
sl< ( 1 , houevi 1, Iroin the Aim in an luinai e iiiijinstion luings down tin. co'l of 
repaiis per tun B) .illowmg m ts/ ]'i.i ton lor wciki) u pairs, the total tost 
ot repaits jHT ton ol siet I melted 2>. .\L. 

Cost of Fuel. In large luinaci's, the cost <>1 fuel is less jier ton than in small 
ones wnen mtdtmg tin* same class ol materi.U. 'I’lie average consumption of 
coal at the pioduccrs per ton of sled melted in a furnace eonlaimng Irlty ioo-Il>. 
enn ihle.s IS ahout 1200 Ihs, I)ut it h.i^ m some liwumxs rcaclicd a.s low as 
850 lbs ---a Very remarkable figure lor crucible Imnace work. 

'Taking co.d at ioj {k.t ton, whn.h is below the average for some districts in 
America, the cost of liiel per ton ol sled tnellul ^ apiu<»vmatd\ 5.1. 6./ 

'The Weight of slack < oal consumed jrt 102 lbs ol iron melted in cruohle 
gas*lired luinaces at Tillshurg ' is given as 100 Ihs, or aj)[)ro\imalely one ton of 
coal jxT ton of steel melted. 

Cost of Crucibles.- I’lumbago cmeibles are commonly used in the Stales, 
costing i|f. each per 100 lbs. c;^p.uuy Ilefoie using ilicm they are waslied 
with silica i)aml inside to prevu'iit the carbon Iroin the piumbago crucible getting 
into tin* Steel. Aliout 7 heals are obtained from eadi c rut iblc, or an ctiuivalent 
of 700 Ihs. of steel. A[>pro\iinately 3*2 crucibles are re([Uired i>cr ton of sled 
ineln d, at a cost of/'s 40 to./. 

‘ llo^u',’* Mtiallurgy ol .''Ut 1,” ]• jo 2 . 


^ /-W, p. 310. 
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Cosi of L&t>OUr. — i ho lulunir tmi'Knoil |HT ihiM on tlir turiiaoc ronvists ol 

the following — 

rhit <• j'ullcrs out ^ ^ 

'I l< « IIU tN .uni hlK'tS. 

1 rto inouMcr-' 

* ( hu- 1 0\ l*r fU.HI. 

‘ *’U‘ ^,1- I 11 ifi.in. 

i >’■< ( o tl wli( < K r 

■ * Somi of I'l. 111 . n .ui on | n . . w oik, siioli is ih, pull, l■.-(nll, «ho 

an- p.iid 0 (flits I 1 I cr Iiltnl li.iin iho lutii.u c. (llh. i nun .no 

(UkI (j.i\ w..tk. 1 111 \ .iro (nij l.))((l l.\ ^tlu li. .ui incltci, \\Im> I.ik. s oil tlio 
niclltn^ .It .t I .mlr.i. t |'n. . |m r ton 

It IS ipi'to site to t.lko th.' .ISor.i:. cost of I.IOolll. IMllU'inio p.ift cost of 
iiunii;. in. lit . sp. 'o, s ii-d , h, mifi, ,it / .■ p, r Ion ..I sto. 1 nu ll. ,1 ’ 

Co»t of Raw MatcriJls kssiunin,-, l.u iIk s,ik. ..f. onip.inson, lli.il tin-i.nv 

iii.it. ri.i.s jn. It, (I II, ol p, s.ini. s.iUio .is t'li'.s. iim ,1 loi onlin.ii) i .isiinps, tlio 


, Stun tnary of Costs. 

t o' I .if tiin'.'K o, / oo 

I'. pi. . '.iti.-n .iiul ml. I. si 

K, p.uis* ^ 

I' 11. I , ... 

(’ni. ilil. s 

I.'il'our . ■' 

k.iu iii.it. mils (in. Iiiilin,; .id.litToiis .iiul l.iss) 

Approsiiii.alo t.il.d < list p. r ton ol Jupii.i stu I 


r / ./ 

o 1. O 
O -• I 

o ,S 0 

1 1 i.i 

I ^11 

/ .<) I 7 


On, |■'1KI I) l-'l'kWCI'S 

I 111 ' us,' .,f oil In, 1 .ind ii.Uiit.il ^,is 111 1 111. ill!.' furn.ii os for ini lliiip si, , I li.is 
a disini, t .nu.int.i,;,' ,o, , „s,. „l . ok.- in . ok,- tir. d fiirn.i,, s, ,n Hut tlio oil 

fuel in.l n.i ui.il p.is d.i not imp,it sulphur to tli, st, ,1 duiinp th,' pr,H,ss. 

Descnpt.on of tho Furnaces 11„ „• ,i,e s. v,'r.,l t) p, s „( oil hie, I , ni, ihl.i 
uriiru.s, some uitl, ., smgl,' < luiiih, r lor l,ol,l,„t; one ihl,- .in.l port.ilil,- in 
form I'lp. (3 illustr.it, s tin- . • 

type riletr,.',! to. 1-1^. n • TF 

show, a siur.lar di si^n, km 
arraiij^^cd uiih Ihc mi-ihic 
fi\«’d jn tin rasini^ in snrh a 
manner as to all<e# of th. 
cjsin;< heitm tilted with¬ 
out disturbing the cru. iblc. 

1 he.se de.si^ns are inor..* .st.r- 
viccaldc for metals fiaviim 
lower melting tenii»eratiires 
than sted, or for melting 
ferro-alloys used for “ phy- 
sicking steels prodiir*d in larmr fiuantitics in olh'-r furnnres. 

• - first desi;^n of oil-firea furnnre used in llie I'niled States is shown in 
*8* 44i i^nd IS known as the aNo[>el furnaee. Of the three sei)a'‘ate chambers 
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sliown, tlic first nml st cond rliatiibi rs wire usid for mellinp, and the third for 
heating the crucihles before use. It was found, liowever, that melting could not 

be satisfartorily carried out in the 
second ch.imbcr, which was there- 

_ , fore used^for beating the crucibles 

.. . only, the third rbainbcr being used 

for obsiiMiig tin; llaiiie and work¬ 
ing the furnace. 'I'be flue shown 
below the furnace was intended 
to carry the flatiie % the chimney 
instead of tbiougb the [lot-holes 
dining tlic oi.eration of pulling- 
out This was not very success¬ 
fully eflutid, ,111(1 IS discarded in 
the nioilern oil-tired furnace. 

'I be cnicible furnace of the 
Oibfiied type which competes with 
the loke and gas-fired furnaces 
111 the prodiicpon of steel for 
1 , • , , . ( astings If illustrated in 

I Ig. 45 - I he cbaiiilM r in wliieli the crucibles are b. ated is rectangular in form, 
bolding from 6 to ,S .rudbles at on, time. The design is simple, as the 
rlianibir, when covend, is vntuall) a bos with .in opeflmg at eaeb end near 
t ie liottoni the flame enteiing at one , nd and passing out at the other to the 
•inmmy. he inkt .and outlet being at the bottom eanse the flame to be 

due, ted to the bottom? ol the crucibles, where the be.it is most re(piired. 
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Part Sc<.lion»l 

I‘ If.. —1 iltiiifr < iil-firr r| ( lilt 1 iirnai i 
Ki (I. r.ii-TH 

I. 7 ilni'i’ ni- 'lit i; 1 It I till,, r, ( III. ililf . r. r. \,r rr j-c-np- 
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I'lc . 1 ) N.'lHlI.igiii.I Fii. I ('mnl.kfurnacf 

/'. Ik lO, ,l,,uiiler, c, I V..,n n Unri .li.is,l„r , 4, ,/ CrcoMos , r ,, C..Vf 
'■ " '■ '"M’U r 4 ‘'’, tr, .An iiil.l , i A r i.gu'u„i,. r, / (./.li,Tmjon 

ft. (.Aitlti iltic, *4'| 1 liiiiiiir.\ ^ y'l Ilyppflss 
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Ibcfl.ime IS prodmod in a small coniliusnon ib.iinber, through the outer 
wall of whir l and near the loji, oil and air are adinilted. The oil is canied 
Ibrongb sm.ill pipes to pans, wlilcli rest on sbelses on the outer wall, between 
wliieli the air pas.ses into the comlnisuon chamber. Provision is made for a 
lurther admission of air through the a,)erture on the lop of the combustion 
diar.dier. the amount of which can be regulated by the brick tile on the ton 
f omimstion does not always take place at first.m the combustion chamber - it 
froquently liap|>ens that until the fiirn.icc is well heated combustion takes nlice 
m the chimney. ^ 
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The bed of the funucc on which the cniriMes are placed is made of old 
crucjbles finely crushed and suitably mixed with gromui < oke. rrouhlc is 
sometimes experienced by tlie fusion of the !‘od on ANhirli the crucibles lest, 
causing them to suck to the bottom wlien ready for pulting out. After^uiressivc 
heats, however, the bottom becomes liardcr and less liable to mute ^ilh the 
crucibles. • 

Operation of the Furnace.—Wuh the modern furnace lU'^t described, used for 
the manufacture of steel for r.asiin^s. it is usual to work lor i j to 15 hours jKT 
day, allowing the furn.icc to rest dunng the inglit. Tlus is rather ve\».u* upon 
the refractory material of which tlic <hambers are hinli, owing to the expansion 
and contraction which take place. X)g aicounl of this intttmiHenl iiuihod of 
working the furnace, U is found more c<hnomical It) use fireclay Inuks nist<Md 
of sihrabruks for lining the rhatnhers, as the l.-iticr would chip off more readily 
with llu! irregular temperatures tt) which they would lu- expwseil. 

The crucibles use<l*for tlie fijst heal ea«'h il.iv are j'laced in tli(‘ furnace the 
previous evening, and about \ a m the oil is turned <»n am! tlie lighting in the 
jians commciKcs. Hetwe( n .ib. ui i^). t > a.m and 7 a.m tlx- lour < rucibles 
nearest the rombustion (hamhe-r are ready ftir riun-nal from the lutnaee. After 
removing the furnace eo\cr, the mu ibles arc ex mum d tiuough a liol(‘ in the 
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clay lid. If additions aie nrcessaiy, llu se are ailclrd, before the rniciljlrs are 
pulled from the furnai e. 1 he “jtulling" is done in the ordm.ity way, alter* 
which the clay lid is rnmntd, the metal skimmed, and a small pure* of 
aluminium added to tlie stri-l, wim !i performs the same lunelions as were 
obt.amcd^ ff>rmerl)’ l)y means of*“ killing.” 1 he amount <if alumiimmi added is 
kept very low, to avoid any injurious results from its pres( m e m the fmishtd 
steel. • 

While the contents llu- rrucihh s are bung teemed mio tlie moulds, the 
reiiiammg 4 crucibles m llie furnace af brought forw.ard and n pla< ed liy ollu r 4 
all ready to be set In th^ melting < hambr r, and so the jirocess of meiling pnu < eds, 
until the furnace is stoj)p(ii for rcjiairs, which are recjuircd every 2 wi 1 ks, Prom 
6 to 7 heats of 4 crucibles m earJi heal arc obtained from the fum.ire m about 
13 hours. 

Output and Coat of the Furnace —In the old t)i^e of fumact- used at the 
Milwaukee Crucible Steel I'oundry,* i.j. cTiarges of ste< I m (rueihles contain¬ 
ing 86 lbs. were melted i>eT day, and in doing so 170 g.illons of oil were 
consumed, equal to 316 gallons ])e‘r ton of steed melted. In the modern/urnace 
used in the Bame works, 24 ctjicibles of steel each containing 85 Ihs. were melted 

* “The fuuiMlf), ’ vel. xxjyj, ji. 130 
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will) a roiisurnptioii of z.jo gallons of oil, or erjual to 26j gallons i>er ton of steel 
meltcil. In the same town, a Ijplcal crunble foundry using the same type of 
cninlde furnaci-, uses <ruc iljles of a lapacity of 176 II.s.' 

Assuirting the output hi li.juul stei 1 rei|uired to be 25 tons jicr week, it would 
be neeessary to inslal 1; fiirnaees sui b as di scribed and illustrated m big. 45, 
giving an oul|nit of K5'x ( X b = 2o|o lbs. of steel jrer day |Jer furnace, or 

20.(0 X 5 X 0 -e soiniwlial more lhan 25 tons of steel from the 5 furnaces 

[X-T Week of <1 working days. K.iiii fiirii.ue would cost ,i|.|)ro\imalely so 

that the total 1 ost of the 5 liiriiaces, intliiding the neccs.sary rliimneys, would be 
about /l^o. , 

'lakiiig the usual depreciation of 1*0 jri cent, and iiUrrest at 5 [ler cent, on 
the capital outlay : — 

L r. a-. 

.'\iiniial charge for depreciation laf lo"*, ... 7, 0 o 

p. ,, interest (.i 5'^';) . . • . (7100 

d'otaltharge . . . ,/ii2 10 o 


As the fuiii.ii c IS so ofii'ii down for repairs, the actii il tune it is at work would 
notexieed (c; weeks in the year. The aniiu.il output w iinil be therefore 
1125 tons. 

( barge for depreciation and interest (ler ton of steel melted 
_ 112 lot. , ' 

1125 


M'nkin^ Ci'S/i (/.r 7c/i ,•/' C:!)lvn St,,I (.'.ri/mgr) 

Cost of Repairs. ■Ilowe'' st ites that i .Vohel furnace runs probably 
about iSdavs; the loiigi si lun at an .\uierican mill has Aeen 27 da)s. Carl 
Siiuilmg's.us the .ivcrage run of this type of furnace is 16 days, after which 
the side w.ills and arches have to he replaced. 

The cost ol rebuilding is about ,/..H alter a 20 days’ run, during which time 
18 tons of steel were pioduced, so that tlie cost of rci'airs [ler ton of steel 
melted = appioxim.ilely pt. 

Cost of Fuel ' -Tins is a varying value, aecording to the market price of 
oil, hut the consumption per ton of steel melted is fairly constant. Taking 
2fi,( g.illons per ton at i\.! per gallon, the cost of fuel is £i igr, 10,/ This 
price wotild ajipear almost luoliibitive, hut it is roiilirmed by Howe,* who states 
that 87 Ills, of ix'lrol, at 5 eonis per gallon, are .used |>er too llis. of steel melted 
in the crucible oil fiirnares. This is equualeiit to ^’2 ibr. [xr ton of steel 
melletl. 

Heavy refuse oil, costing 2I to 3 lents per gallon, has been tried, but owing 
to the pioihicttoii of a [loorer llame and the oil carbonising 'in the pans, extra 
labour is reipiiietl m keeiuiig them clean, and a loss of 20 per cent, to 30 [ler cent, 
in fuel IS experienced. 

The cost of fuel per ton of steel melted will therefore be l.akcn as £2 14^. loif. 

Cost of Crucibles. - 'I'be crucibles are subjected to very severe conditions. 
Hie rapid melting, compared with'that in the gas-fircd furnaces, hastens the 
destruction of the crucibles. In one of the Milwaukee steel foundries, 4 to 5 

" ' “(iKSserci-Zcittini;,"\ol, Tn, j>p. 103-108. 

’ IfiHvc, “Mctallurjjv of .■steel,” p. 302. 

* 'I'tic Foanilry,” \ol. 36. p. 130. 

* Howe, “Metallurgy of Steel,” p. 310. 
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h<^ls are obtained from each plumbago crucible, “ but in order to reach tins 
.record, they <thc crucibles) must l»e daubed on the outride wjlh a niiMure ot 
fireclay and i-owdcred crucibles." ‘ In other foumlries in the same district, 
“crucibles withstand on an average 7 to 8 chargts,’ ' There is noAung extra¬ 
ordinary in these two slatciiKuts, as the roiuliUons t>f woiking, the eom^HXiition 
of the charges, .and the ipiality of ►Ju- ciueible all l»a\e an mlluciu'e on the life of 
the crucible. i>iiTertmcs in ibo endur.aiu'<iof llie life of eiucibles for melting 
steel for cavtings in lintish fouihirics are just as gii.ii. Taking the average 
• number of heats jht crucible at 6, .uul the cap.mty of <a«b at S5 Ib.s., the 
c<|ui\alent •utpul in steel per cnnible^is S5 x 0 = :;io ii)>. 'Tlu* number of 
crucibles therefore re<|uired per for^ of steel = .ft, .ind taking the crucibles 
at i2s. each, the co'-t of crucibles pef ton of steel nu lled -• /'a i2». io</. 
approximately 

Coat of Labour.—The aj>(>it)\im.Ue number of men ic<|imed i.s as follows:— 
• (>pe l< enuT, 

'Tlu* e “ pulK rh onl," 
l.iglil labinircis. 

'The cost i>f labour \ants 1 onsidtT.ibly, an*l it is soiiiewlial dilTuull to jjive 
reliable tigu/cs lor ea< li meinlier ol the gang, liuhuiing (ovl ol supervision, 
< hcniisi. ami nf.inagemenl (barges, llie cost of labout pci ton of steel — approxi¬ 
mately /'a jL 

Cost of Raw Materials — '1 he figure of J' \ 2s \ 1-/. pt r ton is taken as with 
the other furnaces, ior the sake of compaiison. 


Summary of Costs. 

('osi of furn.Ties, y "50. ^ 

•/. 
o 
o 

10 

10 

o 

11 


Total ( nst per ton of li<iuid steel . /.'i 2 ^ 


‘ “lli‘ I V‘-l T'. I'ji. MO Mi. 

^ “Ui'^.cui /oiling,” \i)I. vji, |). loj. 
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Repairs.' ... * 
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Si KM. fnr ('ntl)oii and hi|’h-s[)cc<l cutting tools can be* melted in any of the 
furna< t s (l< s< nbed in tlie (liaptc rs in this section on cnu ililc steel manyfacture. 
It IS jKTh.ips nion* roininon, at least in this country, to melt these classes of steel 
in cokcrir(<l furnaces, although less sulphur is imparted to the steel when gas-fired 
furnaces are used, and tins is a most inijKartant consideration in making high 
rjualily steels. ^ 

Many users of coke firc'd furnaces prefer them to the gas-fircd furnaces because 
they can make small (pinnttties ot st( el of as many ditferenl “ tenijiers " or classes 
as they have melting holes, uhcreas tin* number of qualities wKich c,an be produced 
at a time with the gas lin.d furnace is more lnmte<], since usually these furnaces have 
5 or 6 crucibles at least m one melting hole, v,hile some furnaces have as many 
as 50 or 60 rrucibles m (tnc chamber. 

In melting cliarges for tool steels, craciJ>les of smaller cajxicitics arc used as 
a rule, anil the lime required for meiling and tinishing is more than that taken 
in melting oidm.iry mild steel scrap .and pig iron charges. 

Operation of the Furnace.—In making tool steels, no alteration is necessary 
in the operation of the furnace as uhen used for producing ordinary steel. More 
care, however, is recjuiied in cliargmg coke and m liandhng the crucibles to 
prevent any j>ossible (hance of losing a charge. 

Output and Cost of the Furnace.- -'rhe average capacity of crucibles used for 
melting steel for carbon and high-speed tools is about 55 lbs ,and in the ordinary 
Huntsman type ot turiuKc, two crucibles only are use in each melting hole, 
yielding no ll)s. of steel ])er lieat. 'J'o j'roducc 25 tons of .steel per week, 
woiking continuously from Monday morning to Salurdiy morning, 16 melting 
holes would he required, each melting 3 heats pt'r shift, or 33 heals per week. 

The approximate cost of lurnace would be ^'1200. , 

Annual charge for dcj reciation, 10 on /^2co - ^no 
,, „ interest, 5 on /.t.'oo ho 

Total charge . 

/, Charge for depreciation and intere-'t per ton of steel melted 
i8o X 20 

" ^ -- 3 ^- 

itoo “ 

• Working Costs (i’FR Ton of Liquid Steei.) 

Cost of Repairs.—The annual cost of repairs per ton of steel melted in a 
Huntsman furnace with i6 melting holes is approximately 41, 9^. per ton. This 
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includes cost of btiour and refractory materials used in relininn tl'c ineltiii); 
holes every few weeks, ami tchuildirif; arches and Hues when the general rcjiair 
is earned out annually. , 

Cost of Fuel ~ It is neeosarv to use the best washed coke, as free from 
sulphur as (xrssiiile, so that the strad nrelted may he ki‘pt tree Irotn ront.tmma' 
tion. .‘sulphur finds its way info the .steed even'when the eriirihle is closed 
with a fireclay lul, heme the netessity lor fuire fuel. 

The average time of riieltiiig and linisliiiig each heat is longer than that 
required for ordinary st, (I, and as the charge in each erucihle is less, more coke 
]>er ion of^iteel is required. ^ 

.\ceording to the grade of steel.nudled, to tons of coke are required 
I cr ton of steel. Taking the .iiiioiiiil of coke r»qiiired for the production of 
earhon tool steel at ^ tons pi r ion of steel, ami using coke at aSi per ton, the 
cost of fuel |)er ton of earhon tool .steel -- /.q qr. Tor high speed tool Steel, 
about yi tons of eoke are requind per ton of steel. Their lore cost of luel (rcr 
ton ol.high s|>eed sir i I = _/'| i.Si. 

Cost of Crucibles W lun \er good clay erueihles (an lie made it is usual to 
employ them for nulling materials lor eaihon tool steels and highspeed tool 
sti els. 1 hey^e.in he made by spt i u lu ed men, and most works find their use 
more econqmir.il than plumhago eriu ihh s lor these rl.isses ol steels'. They do 
not last more than 3 lii-ats as a rule (the heals giving ahotu 70, |;fi, and 
.(o Ihs. of siei l n s].i i-tively), hut they only cost ir to 21. e.ieh to produce if 
m.idie with inoderrt .ijiphanci s. 

d'akuig the puce ol is. caeh erueilde, the cost per ton of steed molted 


32 (O X I 

s5.X .i 


IJf, 6./. • 


Cost of Labour.—'1 he number of bands omi>lo)( 

d aixl the 

v\ag<‘s 

paid arc 

as follows — • 

• 



I i^y ■ liiif 


N Ii’hl stilft. 

(tnr m« Iti r 

/. d’. 


i <■ 


076 


0 

'Muf c ])ull<rs-(mt (0 (n. oy « .h !i 

10 0 


I 

6 

'I hrec rokf wfin b is -/ c; 

1 ^ 0 


<j I.s 

0 

()nr labourer 

0 c; (; 


0 h 

0 

One cellar lad . . 

.0^1; 



6 ‘ 

7'oul . . 

to 0 

'I'olal 


0 


Working 6 day anfl 5 night shifts, the total weekly wages - 152. 

.■\ddmg 100 |K'r rVuil as jiart espenses for foremen, rliemist, .iiid manage- 
merit — ^29 15/, the tot.il rtAt of laixmr j»er week = /'cfi ioj. 

* • ^ 

^'OsSt of labour jx.r Ion of iKiuicl steel =^ 7^ 

35 

Cost of Haw Materials.' —It is under this headinj' that the rtfst fjf jiroduction 
i.s more variable than in any otht r item^rdf cost 1 h* re are so many varieties 
of alloy steels used for high-sjM-ed tools, and the mat< rials are so exjM'nsivc that 
the cost of a sjK'cial alloy steel is sometimes 4 to S times that of ordinary carbon 
steel for rutting tools, ♦ 

Too! steel may be divided into two distinct class< s 
I. f arbon steels. 

2 Alloy steels. 
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The raw materials UM:d in eai h class arc as free as possihlc from sulphur and 
phosphorus, and only very small additions of ferro alloys are made to class (i) 
tool steels, along with siiiiahle amounts of aluminium to clean and finish the 
liquid steel. In class (i) tool steels, coni|«\ratively large ix rcentages of expen¬ 
sive alloys form part of the charge, hence the great cost of the finished steel. 

The following charges arc typical only and are suhject tli considerable varia¬ 
tion, as will he observed from the spidy of the various charges and analyses of 
carbon and liigh-8[K,'ed steels given in (Jhapter XI, dealing «ir!i the materials 
used in crucible steel manufacture. 

I. .V4,7 

('barge [XT 100 lbs of liquid steel produced:- 

/■ r, 


60 lbs. best .Swedish bar iron (cut) 

{'t' . 

1 

. 0 

4a lbs. ,1 caibon tool steel scraii 

((/; 10' rv\t. 

0 

i'erro silicon, aluinumiin, and carbon additions af ( 

(ird- 

Jng to temper of steel refjuircd . 


. 0 

('ost per 100 ll)S. 1 

of liquid steel. 

■ £0 


Approximate cost of raw materi.als [ler ton of luiuid sluel = ,{,13 30 3 </. 


.2. (,/) /V<-<AV./ Stn-l 

Charge l>er 100 lbs. of liquid steel proditced : - 

8a lbs. best .Swedish bar iron b.ir faut) tot iqf. cwi. . . . , 

13 lbs. tungsten powder (qfi to 98 % tungsten) ui ar. 9',./. lb. 
5 lbs. lerro-cliroiiie (fio'■) (bronie) ui 190 cwt. . . . 

4 lbs. ferro-inolybdenum (80 ']„ .Mo) tui 5/. lb. 


C ’■ 

o 9 6 

1 16 3I 
o 010 

I O 0 


Cost per 100 Mjs. of litjuid sttcl . . 6 7^ 


A Appioximatc cost of raw niatcn.als jK’r Ion of hipiid sled = ^,'74 12s. 

• 

2. (/•) JLt;/i-s/;r./ Tod ,%-,7 
Charge per roo lbs. of liquid steel produced :— * 

L >■ ■f, 

75 lbs. best .Swedish bar iron (cut) (u! 132. cwt. -.088 

t8'S lbs. tungsten [xiwder (96 to 98 tung.sten) (<t) 22.xjb/.’lb. 2 11 7 

I lb. ferro-san.adium (35 to 40 % V) 911 lyj. 6,/. per lb. of V .060 
8 lbs. fcrro-cbroine (60 % chrome) i<i 191. cwt.014 


Cost i>er roe lbs. of liquid steel . . 7 7 


Appro.ximate cost of raw materials per ton of liquid steel = /,75 13c- urC 
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j. (<•) S/iyL 

Charge |)cr 100 lbs. of liquul steel proiliiceil : —, 


55 lbs. best S»ed|sli bar iron (cut) ,i i,5t. r«t.o ii 5 

j6 lbs. tun(;.slen iKiwiler (iju to 98 ' tuiiKsteii) .1 j.. <i' / lb ; la 7 

12 lbs. ferro-chrome ('10 cbionie) lU’ fi).. I »i. o a o 

y5 lbs. ferro-molylxUnum (.So"., Mo) u, ^.1 lb. . a 7 ti 

I lb. ftrrooanailiuin (,;5 to V) u 17^. 6./. |ie( ll> ol \' o i. o 

• 

('ost jK-'i* 100 Ibv. of Iiijunl stcfl . / A I } (i 


/. Approximate cost ol raw maienals per ton ol iHpiul st« cl 
, *=/,''5o !-•). 10./. 

. Summary of Costs 


l 

lltmll 

1, til V,,. 

1. 

III 

.h sj.< r.| T,. 

’! Slrrl-i. 



• 


i 

2 1 0 


2 1 1 

2 

(.) 


Depreciation mid 

jL 

! 

! S 

■ J. 

/ ■ 

./. / 



interest . 

0 


0 i 

0 

0 ^ 

<■) 0 

.t 

1 

0 

Re[iairs . .• 

0 

I V 

0 J 

9 

“ i 

0 0 

•} 

Fuel ... 

• 4 

4 " 

1 I.S 

0 

1 

'■* 4 

I.S 

0 

Cru( lilies (clay) . 

0 

1 i 6 

« '.i 

6 

0 I 1 

b 0 

14 

0 

IjliDur . . 

3 

7 7 

1 7 

7 

• 2 7 

7 

7 

7 

Raw ni.aterial.s 

1.4 

a ' 

• 7 t '■! 

5 

75 1 ! 

1 J I JJO 

12 

1 0 

(.'ost per ton of ) 
liilinti steel . .* 1 

J]20 

16 I 

y.Sa »9 


/.•8| 0 

9 y '.ss 

'9 

8 


As already remarked, the < are sul)j' < t to ronsider.ible variations, but 

llie aljovc prices gi\<- some ub a ol the iiltmnte cost ol a linislM tl bar ol tO(i! 
steel when it is renu-inliered lliat only a part o( « a< b in^oft e.ist is uscfi, and that 
very often losses aiise m tlie various pioeesses ihroii^li wiiit li ilic sle< I must pass 
before ll reaches the warehouse. 




CilAI'TK.R- XI 

COAf/’()<:f//ny Of CHAIUJ-.s avp axalv^fs axd 

USES Of SI EEL J’KODUCED IX I HE tEl'unU.E PROCESS 

Daes of Crucible Steel.—Before giving; llie lii.irges and an.alyses of steel 
used in tins |ir()( I ss, it is perhaps advisable to outline the extent of the use of 
crucible steel. It is (liffieiilt to give a coiii|irt heiisue list of the uses of steel 
made m the crucible furnace only, as slt el is produced in tlie ddier processes 
(lie.sseiner, ()peii-lieartli, and l.lectiir) for some of the piirpose\ for which 
crucible steel is used. In fact, before the Bessi incr and Opeii hearlh processes 
were introduced, and for some )e.irs aflerwaids, steel ingots fur heavy work such 
as engine crank.s, pistons, piston rods, i onnu ting rods, axles for r ngines, as well 
as the component parts of bhoinotives .ind other engines and rolling stixik, 
were made from crucible,steel. To this ilay, Messrs. K. Krnpp, at Essen, 
employ the crucible procr ss (or the inanuficlnre of slei-1 for guns and other 
warlike mateiiaK, the ingots for whn h sonietiiiies weigh So tons. 

The following list gives some ol the aiticles winch are usually made by the 
crucible pioi ess of to-d.iy:— * ' 

Ingots for — 

('utting tools of all kinds, such as the tools used ni engineering establish- 
nicnts lor cutting stei'l, iron, brass, .nid other allovs. 

Cntinig tools fur inmes chisels, bits, drills, etc . lor nnncrals. 

Culling tools, such as cutlery of all kinds lor home use, wood-working 
tools, and various manul.n tiiring uses. 

Dies for I'oniiiig, stamiimg cutlery, all kinds of sheet nn tal work, tubes, 
anil for the various classes ol iiiamifac lures, too luinieroiis to inention. 

Eile? and springs, hanimei.s, shearing bladra, niilhng cutters, .agricultural 
tools. 

Orvlnance and .Artillery, small arms, guns, iirojectile#,'etc. 

Shafts, spindles, rods, axles, and other wearing jiarks ol all kinds of small 
and intricate machines. 

Castings foi— , 

Small and intricate parts of machines used in all*kindsof manufacture, 
for rolling stock, automobiles, and living inaclnne.s 

Also 111 commoner grailes of ni.n him s and parts of machines used for 
railw.iy, colliery, mining, hyrlranhc, and marine engineering. 

Materials used in the Chsrges.-*-Crncible steel charges are perhaps more 
varied in composition than the uses to winch steel from this process is employed. 
It is a common saying that one need only expect to get from the ciucible, steel 
of a v)uahly equal to that contained in the materials used for melting, the process 
being virtually one of melting only. This, how eve i*. is not strictly accurate, as 
the elimination of impurities by oxidation takes place to some extent in this 
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process as in the other methods of manufacture, altlioiinh to a murh Ics-^er 
degree. 

The manufacture of btccl by the crucible process ilen..an(ls tlie gie.uest care 
and skill to produce material vmiIi a final carbon imuuit wimli «fll be most 
sulUble for the l.ur|Xises n quired. Mr. .Seebolmi,' m his paj,,, „n cui. ible steel, 
jjites a classified lisS of uses oI carbon steels with caiboii v.iiyin^ from i 5 
jier cent, (razor temper) to o per cent, (die temper) 

Mr. J. M Olcdliill “ Hives the lollowine fist of tools win, li he considers will 
give the best results when containing the lollowing |m ici niages of < aibon .— 

Carbon j-j])er cent. - 

Small planing and turning tools, drills and ciiiteis, ra.-ois and sure!, al 
instruments. * . 

Carbon 1-15 jK-r lent. - - • 

Heavier turning, pl.ining,,and .slotting tools, drills, ciittiis, reamers, and 
engineering t^ols. 

Carbon o'g per 1 ent.— ' 

liirge circular cutti rs ; reamers, taps, screwing dies, liiavy tuiiiing tools, 
large drills, and laps. 

Carbon o 8 per cent. - 

Cold chiaels, hot setts, small shear blades, and laige taps. 

Carbon c»75 per cent.- - 

■Screwing dies, cold setts, hammers, swages, limiting du s, ninieis' dulls, 
sinilhs' too^s, pinn lies, and shear blades. 

Carbon 0-65 per cent.— 

.Suitable for snaps, clies, cup drifts, liaitnners, and stamping dies. 

Tool Steel Charges and Analyses.- Ihe best tool stei Is .n,-usu.dly made 
from specially selects d blister sti ,1, j,ro,lnced by the*,, nn-nlation of the best 
ipiality bar iron. I-'or nianyy, ars nothing but this 111,it, rial w.i , nsi-d for all 
kinds of crucible steel niamifaetiire. .Subs, iiiiently it was l.nnid icssary. with 
the advent of otlie# jirocesses .ind , oiiipi tiiton, to einiiloy ilu.iper r.iw ni.ilerials, 
such as piuldled bar iron, r ontaining siittiiiint c.iibon to give the ,1,-sired results 
in the tnnshed steel. .At a still Liter stage, steel (roin op, 11-lie.irtii liirn.i, es anti 
Ilcssemer converters has been iiseil in Ihe ni.iiuifactnre of some , lasses ol tool 
and other steels. Sir I lenry H, ssenii r stateil ’ in i,S8.(, that al I, ast one hall of 
the crucible stei-l in Shellield was then nude fioiii Hesse-niei and .Siemens'scrap, 
simply remelted. 

•At Kaiifenberg,* the princpial n-ntie of cru, ible steel iiiannfaclure in Ihe 
Austrian zAlpnie region, the basis of manufacture is the cliarto.il pig iron of 
Kisenerz and Vordernb,rg, smellid from Spathic ores of the Styiian Hr/berg, 
which wary m eomposilion aritl^produ, e the loll,swing p, r,, rii.ige an.dyses of pig 
iron ;— 


Carbon. . 

1. 

• • 3'5 

2. 

4 20 

•Silicon . . 

0 11 

0 24 


0 H 

2 40 

nios{)ho;u^ 

. . o-t>i 

0 07 

Sulphur 


c 02 

Copprr . . 

■ 

o'oo5 


The puddled steel made from the pig tron is converted into bars by rolling. 
Ihese bars are hardened and broken for sorting b, fore being melted in the 

’ “J'urn.il Iron .iiul .Ctc-l lo.ii'ia,, ’ 1884, II. 

* *' l!rn;inri*nn^' I<^\n ]• 405. 

* “ Jci fn.i) Iron an ! ''fi'cl 1884, II. ]i ^7^ 

* “ i'focccihtiij'v InsUitiUon of CjuI I'nyii.t* Iv,” vol ji. 470, 
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cracible. It is stated by A. Ivcdebur, that as a result of a long-continued series 
of experiments, tlic addition of mild steel—cither licssemcr or oj>en'hearth, to 
the crucible charges, has been abandoned. This, of course, refers to the 
manufacture of tool steel. 

^ The almost universal practice in America, sa)s Campbell,* is to put charcoal 
into the crucible with the bar iron, the absorption of caibon iiroures-sing with 
rapidity when the metal is fluid. 

Ihcre can he no doubt, however, that the practice followed by most Sheffield 
manufacturers of using hliiter steel made from bar iron Iiy what is known as the 
Swedish CaiKashire hearth or Walloon process from the prai tica'ly pure pig 
iron made from Daimemora and lYrsbyrg iron ores, has earned for them a 
reputation which is w'orld-wide. 'rhc'anai)sis o( .'swxdish bar iron"' before 
being cemented, is as follows. - 

bi Mn 1 ’ ^ S 

° ° *^2 o’i3 o ai o'oib per cent. 

Self-Hardening and High-Speed Steels -Mr. Rolx rt Muslu.t discovered 
that tungslen.addcil to ordinary c.irbon sic, I, produced the remarkalde properties 
of self-hardening. ' ‘ 

itecker ■’gives llie eoin|)ositioii of the original self-hardening .s‘tecl wliieli was 
known as “ R. Muslicl's ,Spe, ns follows ‘ 


Carlion. a'o ", 

'riingsten. 

(diroiimini . o ? 

MaiigaiieS’-.„ 

Silicon... i'i'o 


mid the same author gives the following average i>erc,-ntage aiialvscs in Table 
^ cl 'i'-’lf-l'hrdeiiiilg steels and no brands of good high-speed 


C''H|stltilrllls. 


(Carlton . 
't'ungsicii. 
MolylHleniini. 

Chromium 
Vanathum 
MangancM* . 
Silicon 
rhos|>lu>ru$ . 
Sulphur . . 
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Campbell, ‘'The M.anufacturc anil rropetlies of Iron and Slecl." p 
■Jmiriml Iron and Steel Inslitute,’' igoS, 11 , p 
ileeker, *' Iln;li Sjreed Steel,’* p. 46 
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H. Lc Chatclier ‘ gives the following as an average constitution for a rapu! 

tool steel 



lOHI .... 

'Fungsten . . 


1 2'e ,, 

» 


( hronuum . . 


. ,10'. 



.M*oIybd«.nuni 


ro ,, 


* 

('arhon 

• 

0 3 ■ 



Sda on . 


. 0 2 



Mangaiu'se 


O’J ',1 



The percentages of iihusphorus ami sulphur nre not guen, luit it n well 
known that both elements shoultl not ev^ <1 o oj jK r i ent , .ililiougli it li.is been 
found in anal^wwig sonic lugh-sjHvd steels th.it the phosphoru^ ami Milpluir 
contents h.ive e\( eciied c 05 jk r gent. 

lk*low IS a t.ihle rung-'len slc-eK in.ide in Ijighui'l, I'l.mre, nml 

Auaina :— * 


1 \ia.i: \i \ 111 


Pi : - r S 1 A '.K ,\ S A ! v ' r > 

oi I ; 

N., II 

N S1 r n 1 



• 

u 1 

1 

(' 

'■ 

Mo 

1' 

Schnci-ier (Pi.invc) • 

1 1 o> 

t5 

0 .'0 

1 '4<i 


Muvhci 1'' ' 1 Ik'Hi .m l < 0 ,4 t.) , sIk tticl'i ( . 

<> ';‘J 

» - t 

0 n 

1 0 , 

o.| 

Other Ki)gl!''h m iki 

»' 7 1 

2 

Uoii 

.' ii(> 



15 

1 2 

i Cj 21 , 

1 • 1 

„S5 

i 

• 

MoKhdenuui < hrotuc steels, h.a\ mg 

iIk- 

loih.win.' .in. 

il\M ■. 

, g.l\e vei 

satisf.ii lor)' ii sul(K : - 






« 

( 

1 ) 

U) 

(v 


C'aitxin . 

f/ r 


u .Ss 

0 '• u 

pi r rent. 

Molyhtic mini . . . 

• s • 


.1 

■) 7S 

,, 

Chrumiuni. 

V 0 

- us 

\ 7 - 

,, 


High-Speed Steel Chargea.- -1 he loi!>*Aing « h.ug^ s <>1 m.iu n.il'> for j.ioducing 


high-siici'd steel arc typical 

(l) ' 1*0 pI'xllUC JOO Ih^. of tool stCrh 

lk‘st Swedish har iron (rut) .... Ihs. 

'I’ungsleii pouil' r (</> to pH W) ... i \ Ihs. 

, I'crro-chronu- (60' .^ ('i) . . 5 ihs. 

I'Vrro-inolyhdi nuin (8:)';^ Mo;. .\ 11; 1. 

{2) bo produce 100 ll^s <;f tool .steel. 

Best;Swerhsh bar iron (cut). ... 7^ ihs. 

’i'ungvtcn ^)wiler (i/i to p-H ',, W ) i.s Ihs. 

berro-vanadmm (tq to .;o V; . . 10 Ihs. 

Ferro-chrome (do','u Cr; . .... Sulhs. 

(3) To produce 100 ibs. of tool sIcl-I, 

Best Swedish har iron (cut) 55 

Tungsten powder (p6 to p8% \\; . . . 20 li^s. 

Ferro-chrome (60% Cr). 12 liis. 

Ferro-molybdenmn (80% Mo) .... <>-5 lbs. 

Ferro-vanadium X35 to 40 %V) .... ro Ihs. 


* Revue dc Meiallurgic,' 1904, p 334 - 
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In carh example, Oie fcrro-additions are adtUd to the charge of liquid iron, 
from the foregoing analyses and cliarges U u obvious that the compositions of 
tool steels admit (t{ wide variations. 

Carbon Tool Steels.—*in 'Table XI.IX a list is found of various tools made 
from <arhon st»els having the analyses given. Didtrent steel makers have their 
own analyses for tin particular classes ol steel they inaiiufacture. 'I'hc follow¬ 
ing ]» rceiitage unal)s< s are given ^s t)piral only. 


TAltl.l, .XMX 


As'Aivsfs or ( Ari.'rs 'Iixu Sirris 


Sni.ill macliiMf (lioi., dnlT, / 
ruttrrs, r.i/''rH. \ 

Mttliuiii in.tc liiiic to<.ls, (inlls, / 
« utU rs, ktiivi s, cliis( I'- t 
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Carbon Tool Steel Qfiarges. 'I'o [.kkIui c c.irlion loi.l si( U, various uiivtuits 
am used, and tlic lliroc charnis ^;ivin are^l)|ii<al only;— 


(1) T'o piodui'c 100 Ills, stool. 

Iti st Swodish bar ircni.j^o lbs. 

Carbon ^tool scrap. .(ribs. 


Small ]iori r nlairos of (-.trbon, feirri alio) s, and 
.iliiminiurn arc niollid «ttlt or addtd aflirward.s to 
the rnollod I'harno, to piodncr tin tornpor roi|uirrd. 
(.’) To laodtico 100 lbs stool' 


I'ost Swedish bar iron.(5 lbs. 

Carbon stool Sr rap. a s lbs. 

Tunobinps. ;o lbs. 

W'ashod iiiotal. lo lbs. 

Cliarrnal . . . 5 o/.s. 

Forro-chioino .... o/s ) .VTdoil to the 

I'orro-manganoso ... 4 o/s. abijvo wlion 

Altiinnmitn . ... '. o/. ) nicltod 


(3) Materials ii.sod for proiliiring rooo lbs. of li^uid»sto(l sriitablo for a 


roniinon (jrailo of tool stool': — 

Wrought iron. 1360 lbs. 

Heads, gates, oto.oOo lbs. 

Dofoctivo castings .,. 10 lbs. 

Ferro-allojs. i; lbs. 


'I'otal . . . ao4J lbs. 


’ '‘The l-'oriniiry," vol. 37, p. 4J. 

* ** lire Atuciicaii i uuiiiltyincii’s As.ociatir'li," vol. 18, p. 217. 















C//AXCSS, AAAl.yS/-:S and uses of crucible steel ns 


Stael Caatingfl Clur^. —Thi‘ composiiions of sie^i maiic Ity the (-rucil)lc 
proem for castings atlinii of rven a »u!cr ranm* than ll^at ui tool strcls. I hr 
mixtures or char^’i s may he tninrly <>j very nuM >teel r pumiunK’^i 
of iron, or tlx y ma\ couMst of steel s< .oxi pij; non ditleiciu 

pro|)orlioris aixl *jualities aMur^lnif; to the ijiiahty ol the re<juirej. 'I'iic 

iollowini; are a few sample charges : - 

(i) \\ here holler plate j»unehni,e'* ate u^ei,! only, rooIl'S « lo'rt ly pa( kc il into 
the crucil ;e. .\nal)sl^ ol j>unchin^s . — 


(' c I 5*' . ; Mn o -n‘\. . I* o es‘\. ; S o'o p\,. 

When the < har;;«“ is ftiellej, the hilluw irii; luhhtions 
are ma^le • 


rro-man^aiu sc ^So ,, Mo' .i Ih. 

herr<) sil^(. ion {50",, Si) . . HI* 

Aluniinuiiii ipme )• ’ o/. 


. I'lx ■'e are hrok<-n into px < fs ahoul the w. c ol a 

hn.o'l niit an<I .oklcil ti) the Mitl hy means ot a pip*- 
ah-Mil 2 MX hts <liameter, tiiiouyh \\Im li the mat. 1 laU 
p.^-'S into the ( rm ihk wlnle it is still m the him o r 
,\ I'.'i!. Ill tlx I urnat »■ < o\i'i ami also on«’ in the Ini ol 
tlx t riK if'Ie, admits tlx- pi|n- to t!x' enx ilile ' 

(2) l.'f onlinary steel <'ast!n;:s. wlixh attrr aiiixalinf( e*" a l<.na«ity of 
alu)ul Jo t'Mis pt r s.piafe iix h, uiih an t lonyahon of 20 p< r c < nl on 2 hu hes : 

Mixed sit i I s( raj) . ho Il>s. 

<1 < astines scrap . . . * . 12 Ih •. 

Ml nulit<‘ pij; iron ^ Hr.. 

Aluminium hxid. d .dl. r nx Itme) I o/. 

(^) Vor ordinafy stci.! (.isimes us..l |or ;;(mral hoiK aixl snlijreti d to 

prolonged annealing .it high i.mpuatm. 


Ih)ih r pum hings 

i. 11.1 

I oundry s. rap 

II,., 

1 Ii malilt jMg in Ml 

1 i. Ills. 

Ft rro alh.s s 

i II,. 


hor ordinary skel <aslings. Ntatenals to j'rodixe 2000 Ihs. IxpixJ 

st« I 1'. - 


1 oreign sii < 1 si'raj) (lou j-hosphorns) 1 t to II... 
I h ads. g^iti s, cte. . ho , Ihs. 

J )(.1< < li\<' < aslings JO ihs. 

l'< iu> aI!o)b ... . ... I Ihs. 

* • d'rttal . . 2012 Ihs. 


’ “ 1 Itc v..l. ^7, j.. .\2 

* “ i he .till-ill h.-uiidij [III j/, A',s<./tulioit, vol. I's, [ .’17. 




PART II 

]j1':ssi;m1;r pkockss 


CIIAl’TKR XII 

'IHE ACID EEOCE'^S 

Historical.— Tlu* slory of the cnrly s, dcf' a(s, and succc'^cs in develop¬ 

ing the l 5 (SscMu-r process li.is all liu' fascination ol a romance. Sir Henry Bes¬ 
semer, in an autogiaph letter \\lii<h uas prcsmlccl to the American Institute of 
Mining I'.nginccrs by the tlien Sir James Kilson, Batl ,*lias givui a graphic 
account ol wliat led to the exj'erimcnts which ultimately hroughl him so much 
w'ell earned renow n While engaged u ilh proj< clile Inals m the fortress at Vin¬ 
cennes, an ofhci r m.ide a i asual remaik about superior materia! for guns, which 
arrcsleil Besseiiui’s attention “'I'lns Casual observation,” .sa\s Sir Henry, 
“ was the spaik that kindled one of the greatest industrial revolutions that the 
present crnuiir) has to record, for, during my solitary ri<K jn i cab that night 
liom VimcniKs to Paris, I made up iii) mind to try what I could to imj»rove the 
(|uahty of iron used m the manufacture of guns ' 

It was at the (‘licltcnhani meeting of the British Association on Aug. iitl), 
iS:^6, tliat ^ir Htiiry Bess(.'mer made known to the uoild his process. Licences 
wore m great demand. 'J’hc idea of convcilmg iron into sitel in a few minutes 
without the aui of external fuel was slaitlmg, and aiouscd the curiosity of manu- 
lacturcrs of wiouglit iron. But the imperfe> t knowLdge of the chemical reac¬ 
tions in the proitss and the mthicncc of the volume and [)rcssurc of air, as well 
as a \vro»g conception that any (lass of i>ig iron could be used in the process, 
contnbutc<l to a rapid reversal of opinion regarding the merits of the discovery. 

Other iinestig.itors in this country and abroad had been working towards the 
same olijcct 'The mtiuest aroused liy the patent of Jostph (Irllott Martien,,of 
Newark, New Jersey, V S .\., dated Sept. 15th, 1H55, ar'id the e\j>eTiment of .Mr. 
Oeorge Barry, of the Idibw Vale Ironworks, m t->ctol)cr or 'November, 1855, 
have long since been forgotten. Dr. Berry,‘ in rcfertini| to‘.Mr. Barry’s e.xperi- 
ment, says that ‘‘ if an accident had not unfortunately occurred, Bessemer might 
have been shorn e>f bis glory.” 

On Jan. lotli, 1S57, William Kelly obtained his first American patent, and 
claimed, sa)s Mr. K. W. Hunt,'' “priority in the discovery of the principles of 
the process, and the Patent Otticc allowed his claim by granting him patents.” 
Bessemer had, however, obtained patents for his process in .America dated 
Beb. i:lh, iS5U,aiul Aug. 25th of the same year, and while the Kelly Pneumatic 

' P«-K)f’s “ Mctallurg) ; Iron and SticI, ’ p S12. 

* “ rr.uis. American Institute of Mining Ln^inccrs,” vol. 5, p 201. 
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Process Co., which was fornunl in 186; and finally abandoned in iSoq, wai. 
tUowf;^ to ojH.'ralc the jatents of Kelly, and was the first ti> make Hcssenier 
steel in Anierua at the works .it Wyandotte, in the (all^of iSoj, umler,thc drrec- 
lion of Mr. W K l)urfec, u ha^ lom,; sun'e been admitted th.it the inner ami 
gorernin^ j'fineijde of the ).;reat discoicry em.in.ilcd from the br.iin of the 
genius Henry Hcs-'enitr 

'Idle pioneer oi the Hessemer process in America, .uid oiu* to asIioiu all steel 
meri would readily award the honour ot h.wnutvery l.irgely contnbuled lii its 
development and siuee^s, was Mr Alexandi r M. Holh y. It was he who nego- 
lialc<l with Utssemer the Amcnean j^situil lights fir the Winslow, (lriswo!<l, and 
Holley (’o., and .startetl, in iSo5,,the tiist ton conveitir at Troy, New 

York, liius inau^uiaimg the iKssenur steM pfoiluclion of Aiiieina, which,iluring 
the itar I'lir, anioutuod to tons* Mr, Kolx-rt W. Hiinl,” in his 

presidential n;c6 to*lhi Aineriean Institution of .Mining Krigincers, 

Mid, in referiiiu to .\flu man JJtsseiiitr praftice, “ih.U the n.uiies o| Holley, 
John Kr;(/, (icore.o I tit/, \^l!ilaln R Jones, Hamel I,, fon«>, and Rohert For¬ 
syth furnish a caliw ot la!« ni whieh makes plain why Aim rua so .soon forged 
to llie fnirU m bcsuiiicr sli'el [>r<>du<lton ” 

doing haekw.iuls to ilu; inlfodin tum of the process in tins country, perhaps 
the most cvcnirul )ears m the early history of the proicss were th<* lirsl two, 
during winch U« "‘cmer had raiisc to reflect that he h.id loo readily granteil 
licem c s ii>r a pro.i ss llie full sigmheance of whnhw.is not at fust nalisid by 
hmisc If. While he wfis struggling to pc rfeet his jiroec.ss, olheis \sc le exiK*rimciit- 
ing with the same object. James Ril'-y tells ’ of a c rucle experinic.iil m.id<‘in 
1857 at the ('oats lion Work'', S(otlaiui, hy .Mr. Thomas Jac kson, and alU'r- 
wards of experiments at the works of William 1 )i\on,* I.td , all of which were 
unsatofactory. 'I'o Robert Mushet,«n this eountr), and to I- (loransson, 111 
Sweden, the Coinmerc lal su'< css of llie proce ss is largely due. I’rofcsscjr Aker- 
rnann,* it hrring to (Jor.insson’s early exj^cnyieiits witli (lu; fb'sscm<T proi'c ss at 
llic I'dskc Ma.st furnace works in 18^7, sa)s th.it, “until tin* middle of iSc;,'s, he, 
like .'^ir H<-nr> himself, had succec-iUd only c. \c t plionally in turnim; out a good 
product while- follov\ing the advii c ol the in\( nior to lay the gre.ctc st w<-iglii on 
lia\ing a high pressure Mast l-y departing from that adviM, by means of 
larger lu)erc ana and an .ibund.inl supjjly of blast, Oor.insson w.is able, begin 
rung with July iStli, 1858, o) t.; shorten the time necessary foi the ]»r<>cess, and 
lher<*hy increase the heat ot ih-' blow, lliat an impro\(d product was obtained . 
and from „lbal day forlli the sue*«ss of llie licssc-mer pro< < ss was first assured ” 
I’rofcs.sor .\kcrmann also tells Ihju t ioransson s< nt 15 tons ol ingots l>>^"^h< lli< Id, 
made by lus lUip'roved m< lhotl,sv!ule Hessetner was still struggling to make good 
steel. It would appev dial lift* jiiiprosernenl made by Hmansson luipresstd 
Re■'^enu r, who, for two fears alte r the. Ivdske Inals, used .Swedish pig iron <.»nly 
in his converter at Sheltiehl. 

It was reeogiuseel in this (ountiy that Robeit Mushel's pile nt of .*^ept 22nd, 
1856, had a consi^^craWle inlliuiHc in removing from ik-ss»-in< r M-< i the ie<! 
shortness which, among other diiticuliies, liesseineT was ih< n uid<a\ourmg to 
overcome. 'I'he injurious presence of sulphur in ons, the relation of which to 
the other elements in the inm was not so fully understood tin n as now', was 
counteracted by additions of manganese^ ancl tci tins day ih*- \alu*‘ of mangani-se 
m Bc^emer pig irons is w’cll known. It is, of course, und< istood that the Res- 
scraer process admits of the use of numerous varieties of j-ig irons, many of 

* “ \1 jH-ral I/i'f'itrv. ' lOl I, j>. 420 

’ ' ‘ 1 ran-*. Ance ric.iti 1 restitute <>1 ^!nI:ng ■ r , ’ vi>!, 37, j*. iix. 

^ ■■ Journal Iron an*! Steel Iristilut'',” 1 H.H5, II, )• ^94 

* “ Irons. American Inslituic of Micirig Knguicers,’’ \ol. 22, p 2O6. 
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which arc low in manganese; but the balance of the heat-giving elements-— 
silicon, manganese, and carbon—must be maintained to produce good steel, in 
which tlie.prcscnce of mapganese is necessary for success. 

Ajiart from certain miprovcinents m the mechanical features of the process, 
nothing particularly striking took place until the introduction of the basic 
lining in the converter by riiomas & (jilchrist, to which reference is made in 
Chapter XIII. • 

'I'he “ .Acid Bessemer Process,” besides other l.arge steel processes, has 
benefited by the use of the mixer, introduced first hy Captain Jones at the 
Kdgar 'I'hompson Works, U.S.A., in 1899, and simultaneously In Germany. 
Much of the irregular qiialily of steel produced was due to the variation in the 
metal taken direct from the lila.st furnace. The use of the intermediate process 
of rerneltmg 111 the cupola is .still common in many works, although where the 
niisei IS installed there is not now the same necessity for it as formerly. The 
[iractice of using iron direct from the blast .furnace was first introduced hy 
Goranssoii, in 1,857. 

The Bessemer Process. —'I'he outst.uiding features of the Bessemer process 
are better appreciated hy contrasting this process with other processes. .Ml 
steel niaiuifacliire is l).a.scd upon the elimination, by means of oxidation, of 
certain ineLilloids from tin; iron used in the manufar tnre. The processes differ 
one from the other prim ipnily in the methods eiiiidoyed m carrying this into 
effect. In the ciucihle steel process, o.xidalion takes |ilace in a very small 
degree and at .1 slow rate, hecause very little air is allowcipto enter the crucible 
to promote oxidation. .Also tin action of the materials of winch the crucibles 
are made and the oxides of iron in the materials melted are too feeble to form 
shags in any marked dcg'.ce. .A more .accelerated r.ate of oxidation takes ])lace 
in the inolten hath of metal 111 the opeA-hcarth furnace where various mineral 
oxides, as well .as the oxygon in the .rtinosphere winch unites with the hot 
g.ases passing into the fiirii.ace, contylnite to the rapid oxidap(Oii of the impurities 
in the raw materials during the process of conversion to steel. 

In the Bessemer proce.ss a very much more rapid oxidation of the metalloids 
in the molten metal takes place, not hecau.se heat is aiiiihcd from external 
sources ns is necess.iry 111 the other processes of steel inannl.ai lure, but because 
of the eiioimoils and extremely rapid generation of intern.il heat due to the 
chemical aetioiis and reactions produced hy the oxidation of the principal heat¬ 
giving elements in the molten pig iron under the iiilhiencc of a volume of air 
passing through the metal at high pressure, without the assistance of any external 
heat whatsoever. It was very soon discoxercd that the principal heat-giving 
elements were silicon, manganese, and carbon, hut the presence _of other 
elements, such as plios|)lioriis and sul|iluir. Was not ganly objectionable, but 
could not he oxidised hy the oxjgcn m the same way ds silicon, manganese, and 
carbon. .As the separation of phosiihouis and siilphtr was a hopeless task by 
the acid jiroccss, the process was limited to the conversion of pig irons which 
were free from harmful proportions of these elements. • Tht commercial scope 
of the .acid process demanded the use of iron containing not more than 0 06 per 
cent. P as a maximum, and o'o6 per cent. S; and steel with these proportions 
was only applicable to certain classes of work where the ductility was not a 
matter of importance. Until the introduction of the basic lining in the 
Bessemer converter, many ore deposits were iiuile unsuitable for the Bessemer 
process. 

The oxidation of silicon in the first stage of the process provides more heat 
than any of the other elements, and consequently raises the temperature of the 
bath and makes possible the rapid conversion of the carbon at a later stage to 
CO, and CO. The manganese in the iron is also oxidised in the first stage as 



THE ACID HESSEMEE PROCESS 1(9 

well a* a ()orlion of the iron ami a very small amount of carlu)n 'I hc order may 
b.c hnefly stated as follows:— 

1. 'rhe roinenion of a lar^e (»erco!tta^e of silicon to silic'aio of iron, together 
with the oxidation of manganese, both of wlia'h loiin sl.igs • 

2 Tlie carbon which lu-s been slightly oxidised soon alter iIk* cominenre- 
inent of the*blow, now passes off as and ('() at a gradually 

increasing rate, Molent cimlhlions lalving place ineanwlnle during tliat 
(Virt of the process known as the “bod." 

y 'I’lie final period is confined aIlno^t t‘ntirely to the chminalion of the 
carrion, the heat being most intense and the carbon heing butnl ihietly 
to CO. 

'I'liese 3 perioils are also \ery \>cir delined by the < olour and form of the 
tlanie which issue.s from llu- mouth of the C(Uiverler: ' 

1. Mie issue of lirown fuinws acconijsinied with spaiks, the lighting of the 

gases into a #>hort flame and burning to a hriglu y< llow' and longer 
tiame are the significant features. 

2. ‘Ilie “ boil," during whn li so much internal distuihnih e takes pi,ire, some¬ 

times lieaving larg(‘ masses of slag from tlie ncsscI, is a( • onipanied by 
a more intense and more luiiimous tlanu* of vai>ing length. 

3. 'I'lm “ Ciubon stage," which i.s of long or sliort duration according to the 

amount of carbon hft aftiT lire *' hod " is over, is (juite distinct from 
the two earlier stages It is chaia< tensed by a < b ar long white flame 
tinged willi blue, curling m woolly form at the mouth of the converter, 
and having long, fork-sha[)ed tongues of lire several feet long. \Vhcn 
the carbon is nearly exhausted, a j'ronounced “ droj)" m tlu‘ flame 

lakes place and tlu* flame hcramies discoloured with fumes of iron 

oxide, the definite sign to turn down the vessel. 

The Prog^ress and Duration of fho Process. 'I'hr rate of oxidation of ilie 
imjiurities in the metal during the process is dcj)eiulent upon at least three 
things : ~ist, the a ,al)sis of tire pig iron entployed ; ind, tlie tenii>eialure of the 
metal at the cr>mim-ncement of the blow , and 30!, thr rate ol prjHluction, or 
the interval between each Idow. In this country it is (sunmon to use pig iron 

which contains from 2 to 3 per cent, of silicon, with manganesr from 0*5 to 

I 25 j)er Cunt, whdr in America it is more gciu ral to use pig irons witli about 
ro to I 75 per cent, silicon with 0 7 to ro per cenl. inang.mcs**. In .Swt'den, 
the i)ig iron generally used does not contain more than 10 p< r < ent. siIk.oii 
with 2 o to 4 o per cent, of manganese. 

Where ()ig iron is prarltcally free Iroin phosphorus and sulphur, any of the 
above classes of iron will givt? satisfactory results, but llie lilow will be ^)rolonged 
accordiug to the excess of sihcpn and manganese over that rcjiiired to produce 
the heat necessary fuf tlie conversion of the metal, d'hc following examjiles 
illustrate how' higli and low silicon j>ig iron ( hargi-'S influence llie rate of output. 

Pig Iron Charge w^ith Low Silicon and Low Manganese. - In the case of 
very low silicon irons su( h as are used m some w'orks m .Anienc.i, will) low 
manganese content asVell, it is only possible to obtain suc( essful lu,als when 
one blow follows another in rapid succession, Howe,' m bis not'-s on the 
Bessemer process, refers to a typir.al American blow m whi' h the comjKjsilion of 
the metal and slags at various stages of the pro(ess are given. I’lom lalrle L 
it will be observed that in 9 nuns. 10 secs.,wo tori.s of iron are converted to sled, 
that IS at the rate of over i ion ()er minute. 

* “Journal Iron and hictl InslUutc," II. {• VS* 
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and ovolvcd liy the <-h,-,„„ nl r.-acl.oiis dunne tlio removal 

tores,,heXn:;;:::;:;;:r\ 2 h::z'^ 

U radiation and esca|,i- ol lu-al lliroii};li j^ases and slays which issue from the 

[ V '■‘i f'' '''• tlie halanco of licat alter dodiirtme all losses 

IS stieh at to raise- tlu- tempe'ialurc of the hath sereral hundred di-ree-s Ceiiti- 
Kr.ldi duriny tlu- coinusioii of one charyc of.me-tal In l-'ie ,6 are shown 
c.iru-s ,.re,sired l.oni the details yiven m Table 1 ., wkrch y.aplneall .110!^" 
tlK Mtt ut chnniidtion of rail)on. siliroii, and inanQ.incic. ^ 

o m.untani the oiitiuit ol slet-l when using V'h' "ou contammy so little 
silhon and manganese, it is necessary to have- the iron ,'rom the hlasd furnace 
cupola, or iinse, u-iy hot and ready to pour into the c^nvertera 

rc-Mous charge is emptied into the ladle. If this ,s not done the temperature of 
the converter liniiiy chills \ery rapidly ‘ciiiperaiure ol 

Pig Iron Charge with High Silicon and Low Manganese.- In Table LI 
.art gi\eii the an.ilises of the metal af dilierent stages during the blow in an 8-ton 
llessemer eoiuciter upon which investigations were made by .Mr. C V King" at 

l-St:;''I'""' 

' " fi.uis. .ViiH-ric.in Inst, of .Mining Engiiiccis,” sol. 9, p 259. 




THE ACID SESSEMEK PEOCESS 121 

Metal us^.-C 3^6 per cent.; Si 2-398 per cent.; Mn o 39. jx-r cent 
Steel pro<iuc^.-C 0-034 ^r cent. ; Si 0 043 in r cent. ; M„ o-,os per cent 
. the removal of C, Si, and .\ln in 18 minutes amounted to— 

C 3-526 per cent.; Si 2-355 iw cent.; o 391 per cent 
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When compared with the low silicon charge in Talile T,, which rvas com¬ 
pleted in 9 min. to secs., it will he noticed that the silicon content was a'398 
per cent, against 0 94 ^ler cent, m the cliarge which took 9 mins. 10 secs, to 
complete. The rate of oxidation of the charge given in 'I'ahle Id is shown in 
Fig. 47. T he tem|M;rature of the metal at the commencement of the charge is not 
given for either of the charges described, but this has an iniportant bearing on the 
rate at which the impurities are removed. If the temperature is rather lower than 
usual, it may be a few minutes before any appreciable amount of silicon is removed, 
and little if any carbon, the iron meanwhile being oxidised. On the other hand, 
when the temperature is high, the silicon rapidly oxidises. It has been found 



Time im minutes 

Fir,. 47.—R.ctc of OxiiUtion of Carbon, Silicon, and Mang.inose during Blow civen in 

Tabic 1,1. 

th.at when the temper,iliire of the metal is very high, the carbon is attacked 
before tile silicon, leaving a siliciotis steel as the result of the blow. 

Some cxiierimcnts in wliich ne were interested revealed this veryfact. It 
was found necessary under certain circumstances to nujt the Bessemer pig iron 
in an open-hearth furnace, instead of in the usual cupola, the result being that a 
reduction in the caibon and silicon content took place. The iron being diluted 
by means of low carbon steel scrap, yielded a metal for^the fonvertcr varying in 
carbon from 2 to 2-5 per cent.; silicon I'o to i '5 per cent.; and manganese from 
o'S to 075 per cenu If the tcm[X‘rature were not too high, very rapid blows 
could be obtained ; with an excessive temperature erratic blows would result, in 
which the carbon was burnt out before the silicon, producing in some cases 
unsatisfactory steel. These trials w ere conducted in a 2-ton side-blown Bessemer 
pUant. 

In the ordinary bottom-blown converter, the temperature of the metal in the 
bath is regulated by additions of scrap steel or steam. Scrapping is the common 
practice in this country and on the Continent. In America the use of steam is 
also practised. This is carried out by introducing a small pipe, about 2 inches 
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diameter, into the blast pipe leading to each se]\irate converter, through «hirh 
steam at about 50 lbs. per square inch jiressure is [lassed. 

Swedish Practice. —It is most common m Sweden to emi'lov pig iron for 
conversion to steel which contains from o’o to fo |x.'r cent. Si, wiiii not It-.-, 
than f5 per cent. Mn, and prefer.rbly liigher percentages —from 3 o to g'o per 
cent. Mn. If the maflganese is low, and the metal is not vary hot, tliere is the 
danger of a cold blow. With gooii hot metat evecllent results are obtained, the 
progress of the blow being the same as in other lountries. 

British and Continental Practice.—Higher mIuoh pig iron is more 
frequently used in this country and on the Continent for the Hessemer prix'ess 
than in America or Sweden. 'I'lio slliepn content varies from j'o to per cent, 
or even more, and the blow is longer—sdiiietimes from 20 to 30 niinules. The 
same otitstati<ling charaiteristics ,ire observed in the oidm.iiy blow as revealed 
in Table 1,1, which m many ri?|ieets represents llritish practice. The inaiig.a- 
nese is ixrliaps rather hrwer than die average used in this eoimlry. 

Additions to the Charge.—The practice in tins countiy and m most couiitries 
is to .add ferro-iiiangaiiese to the charge 111 the pro|x)ttion teqniud to make the 
desired steel. 

Ill Sweden it was the practici- for many years to stop the blow when it reached 
that stage of oxTdation which left 111 the steel the ainoiiiits of i.iihoii and silicon 
reipiired. The use of the spectroscope to evaiiime the ll.iine and control the 
operation accordingly was also I'ommoii. This practice has nol loimd favour in 
Hritam. The luiniau element enters so ninch into the question that iiregnlarily 
of product IS likely to fesull in trying to slop the blow lu lore the 1 arhon has 
been Iwirned out The “chop” of the flame is an almost mf.dlilile guide to a 
regular carbon content, and wh.iic icr additional carhor»is rccpiirc cl c an he added 
with more certainly of obtaining coirwet results than by inislmg to tlie colour and 
torm of the tlaiiie. 
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were composed of (a) limestone and lo per cent, silicate of khKi, and (i) Inn,- 
stone and lo per cent, fireclaj, but in making basic brii ks aficiH.aids for prai la.U 
use in steel works, the experiments which have been made wiih dilTiieni com¬ 
positions and methods of manufarluro are loo mimerofls even to name, liiicks, 
however, made mainly of lime, with a little magnesia and about 3^ lo j |H-r cent, 
of silica, were used wMi much success in Austria and (ii-rmany, and by sonu- 
English makers for the linings and bottoms pf converli r.s.‘ .Somcimu-s linings 
have been made of bricks of caustic lime obtained from pure limestones, but 
it has been more general lo use the combination of lime and ma-gnesia m the 
form of calcined dolomite. Magnesite bricks, as well as ehromc- iron oie, have 
also found their place in the develo|fmi^nt of basn linings for eonveiters. The 
processes of manufacture of materials fordhe various kinds of linings, uieluding 
calcining, grinding, mixing, and drying, have demanded the attention and skill 
of many experimentalists. • 

Basic Fluxes. —Wlwle the history of the basic lining is full of interest, the 
researches made m endeavouring to obtain suitable Iluxes lo pioiide a ready 
means of eliminating the imjiunties in the metal with a minimum of loss both lo 
metal and lining, warrant no less consideration Both Tlionias and (lib hrisi * 
discovered in their early experiments that "the presi iiCe ol .1 1 onsiclerable 
amount of limc’in a not too sihcious slag is highly favoiii.ible, and on a large 
scale es.sential," to the removal ol phosphorus.’' 'I'hey rei ogiiisi-d, also, lli.il lime 
and the oxide of lime are fusible in many pro]X)rlions and could be us, d with 
advantage in the projxirtions by weight ol one-lhiid " lilne liillv lo Iwo-lhirds 
lime. In both these 4 ^arls they laid the fouiiilation for rrse.iiih, which has 
brought forth ample varieties of the application of lime and iron oxides in 
different projKirlions introduced to the metal at dillwrent pi-riods during the 
conversion of phosphoric pig iron to yeel. 

One other imixirtam fait, observed by both Thomas and ('.ilchnsi, which has 
remained vital to the process, is what is known as the "aftir blow " In the 
Acid licssemer proA'ss, when the carbon islnirnt out, the metal is immcdi.itcly 
attacked and the steel destroved if the blow is iirolongul. Contrary to tins 
exiverience, they found that the griater part of the phosphoiiis was not icmoved 
until after the carbon was oxidisid, hence the continiiatioii of the blowing for .1 
few mmiites, which is termed the “ after blow ’’ 

Development of the Basic Process. .Associated with the development of tbe 
liasic Bessemer jirocess are the names of many well-known nn l.illiirgists and 
steel exfierts in this and other countries, such as .Sneliis, Is \V Kn li.iids. Marlin, 
I’crcy, .Stead, Wedding, and other investigators, who have mori- nceiitly earned 
out research. 

When continental steel-makeis acijiiired the rights lo use the basic jirocess, 
suitable native ones fav'mred Us develojiment in then hands. The dilficiillies 
referred to regarding Imiijg and linxes were small i.onijiared with the advaiilages 
gained by the cmjiloyment of native instc.ad <i( foreign non. Slid works m 
(lermany, Austria* and j,'ranee were sjieeilily making use ol the in w jiioiess, 
while m taigland, the country in whirh it was discovered, only tardy jirogress 
was made. The reason for this is found in the fact that the jihosjilioric ores in 
(Ireat Britain, particularly the f.leveland ores, did not encourage the jiroduclion 
of basic pig iron. The jiresence of a high jvercentage of silicon, with a com- 
fnratively low phosphorus content, gave hse to raj/id wastage of converter 
linings, and larger rjuantilics of lime h.id lo be added in onler to obtain a 

' "Journ.xl Iron and Steel Insliliilc," 1S81, If, p. 403. 

’ /i'kA, 1S79, I, p. 123. 

* " lllue Hilly" contains on an average 96 j-ir cent. <■( fe,rij (I'iiillips, " Kleniciita of 
McUIlurgy.” p. 309). 
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The table above aKo ser\cs to show with what rapHlily tlu‘ reactions take 
place. This is, of cmirse, (h-ix iulcnt n|K>n tlie roinposilion of the iron, tlie 
temperature of (tie liath, ami the rhara» 1 <t of the sla^^ present. It will b<- noticed 
that the silicon is reduced to a trace in 2 to \ minutes, the (ad'on btinj’ almost 
entirely removed durinf^ tile first pcrioil, which oiaiipus horn H to lo minutes. 
The de[)hosp!iorisaiion then pioei'cds rapully, wlu’ii carlxm is practMaily absent. 
If the l( mjK-rature of Hie iron at the commencement ot tlie l)h)w is hiKh, then 
carbon burns more rapidly, and the time of the blow is shoiiened. 1 lie afhnity 
of carbon for o.\>>;en increases more a.s the temper.itnre rises than does the 
afiinity of iron and manganese for ox^^en. The best lesiilts in the basic process 
arc obtained when tlie tcnijieratiirc of tlie nirial is high at the commeiK eincnt, 
and not too hot during the “afi<T blow.” Tlie pra<tioe in some works of < barg¬ 
ing sera]) into the cftnvcrler willi the molten jug iron does not ciHomage a good 
start, unless the molten j>ig iron from llu* nuxei is very hot. Ihiimg the “after 
blow” the conditions are rexersed, and a lower temjicralure piornotes more 
rapid oxidation of jihosphorus, seeing lh.it the aflimty of the latter lor oxygen 
grows less as the teinjieraiurc of the already very hot metal rises. While under 
such condition the iron is attacked and oxidised, and also any manganese left 
in the metal. 

'rherefore, with a cold heat to start, slow oxidation of tin; carbon proi eeds 
with a more rapid oxidation of mangamse and loss of iron ; with a Imi “after 
blow ” in the same heat, the dow oxidatuui of the phospliorus proceeds with¬ 
out suffitient inangane.se being* left to i>rutect the iron from oxidation, hence 
considerable waste is [)r«duced. 

'I'o cool the blow and maintain a sufficient tcm|>eralurc, various means have 
been employed. Lime and scrap steel additions hav<; been p<*rhaj'S most 
common, but witfi ihesi^ universally good results have not been obt.imed. larne 
is a slow conductor of heat, and large additions of scrap tend to [produce sluggish 

metal. 


MODIl-irATICiN.S OF TIIK lUslC 1 ’K 0 < FSS 

• 

Scheibler'a Modification. —I’rofcssor C. Sdieiblcr' olii.iinoil good rcsultb at 
.several steel works in Germany by tbe use of bnie additions in two stages of the 
blow, «>. iwo-tbirds at the start, before charging the metal, and one-tbird during 
the “ after blow.” The tolaf amount of lime used was roughly one third less 
' '* ProcteUings Imlilution of Civil Engineer.,” vol. cxi, p. 437. 
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than that used in ordinary practice. Different results were obtained in the 
various works where his modification was introduced. At (hitehoffnungshiitte, 
for instance, the first charges finished so liot tlut a large addition of scrap was 
riecessary to cool the slcOl, while at the Rhenish Steel Works the second addi¬ 
tion of lime was found to have a strongly chilling effect, and considered suitable 
only with pig iron which produced "hot blowing." For*basic iron with lower 
silicon and phosphorus, the use otlhe whole quantity of lime at the commence¬ 
ment of the blow was preferred, as otherwise the finished charge could only be 
cast with difficulty. 

Flohr 8 Modification, —Another modification, introduced by J. Flohr, has 
been specially a[)phcahie to the better regulation of the he.it in the " after blow." 
Lime to the extent of about 13 per cent, of the weight of the charge is added 
before the metal, and just as tlie Si-cond period of tlie blow i.s approaching, when 
the carbon has been almost entirely removed*, briquettes consisting of rolled 
scale, well screened, ground, and mixed with slaked lirf.e, are thrown into the 
converter. 1 he effect produced upon the metal causes a rapid reduction of the 
phosphorus, thus shortening the “after blow" and reducing the waste of iron 
throughout the heat. The phosphoric acid in the slag is also increased, due to 
the presence of dissolved ferrous oxide, which increases the capacity of the slag 
for ahsorliing phosphoric and. 

'I'he comiiosition ' of the briquettes is as follows 
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Richards’ Modification.- Anollu'r moditicalion of the lusic process, whiclt 
has proved very ecoiiomiral wherr using Knglibh liigli sihcoii.iiliosplioric pig iron, 
is that which was mlrodiiced by Mr. A \V. Kn hards at the ui)rk,s of Messrs. 
Holckow, V.iugliaii ,V Co., I.td., and lias .since been m oiieralion m another steel 
works in this country with marked siii cess. 

“ In working the process,” says Mr. Richards,■ ” some iron oxide is [Hit into 
the b.asie converter, preferalily an iron ore not too rifr.actory, witli oi without a 
small quantity of lime, and on this is poured molten grey Cleveland iron, always 
low in sul|)hur, with silicon which may vary from i'5 to 3 [ler rent.” The ofie- 
ration differs from the ordinary baste process 111 one resjieel only, that is in stop¬ 
ping tho'progress of the Mow after the silicon is oxidised ami the carbon llame 
appears, and turning down the vessel for the removal of tlie slag, wliiqh can ho 
poured off the bath of metal, liy this means the excess af silicon m the [iig iron, 
which was formerly most troublesome, is removed in tlie first slag without any 
serious loss of iron. The analysis of the first slag shbw s that it contains 3 per 
cent, of iron, 35 to 45 per cent, of silica, and no i>hos|)horus. • 

The greatest gain by this modification of the [iroces# is ific use of the Cleve¬ 
land grey |>ig iron, made from the native ores, without the introduction of mqiorted 
manganese ores which were formerly considered necessary. 

The ordinary basic iron used in this country contains — 
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• “ Fnqinoering,” vol. S5. p. 65. 

• "Juurnal Iron anti Sled lusuiute," 1907, I, p. 105. 
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h* Uin^ i'll I'last. ih\ 111^ till an, ami Ihoum^; .sol.il m it 1 nais in wilh tin- hiast 
with th' oh,' I t ol h< atin^ mil oMiii-im; ilu hath, hut most «>! tli< tii ha\i* (iiovul 
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In iKaiin^ ihi hlagt it uas''out'mplati d that tin- hl<vu noiil.lhi slinilened 
as in tin a* id jaoiess, hut aetual pro\.d tint 1 h tli i ii suits ueic 

obtained h> ' o.the air ' ^ 

I)r\ air was found s itisia< toT\, l,iit lIu' appaiatus i«'|iiiied lor divinu; was 
I onsnli ii d a 1 urn r to its l;i lu la! mlto-lu< lion. 
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oil, 1 athoiiii . \ df, ( ti , may hr im ntiom il 

\^Cddin^ sa\s liial niatrnals sin h at pind- ird him stone, dolomilr, 
majn«-sia. raw <«t nuint fiuoispar. . nhon.d. of soda, ami all jiossh'h .ilk ili salts 
ami eompoumls of nian^am , h i\c In 1 n us< d to r« jilai < th' hasie additions 
and to h'iuefy lie slai:. Inil hav j'ro\< d laihiti s 

t )iu. ell nirnt to whu h n 1' itn< r has ma he n m id' In n , though m verlhc' 
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ehniinatwd in the hasn proi < ss fiy tlx- j>r' s« rx <• ol inanyaix-sc 

Heat Evolved andAbaorbed during the Proceaa. The Ik ssener pro(r,s 
is < ssi ntially depi ixlcnl upon the hral suppled with tlx- lipiid iron ami tlx- 
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into the thrrnx)^ Ix-niisiry ol tlx- jjioc'ss, hut W' would iifr slmh nls !<) 
Ilarixrrd’s excelh nt wflrk on this sulieetd 'I’he iix .1 an' iix nl ol ihi- heal 
evolved in Ihi yases dunnp' tlx; proirss ran lx* taken appro\iniaii ly hy nx atis 
of ofilx al p)romei' rs 

\N list and I.aval, who hav<- made s< \cral \alu ihle mvi stuatimis on tlx lx at 
of the Itessciiier Jiro' < ss, used a \S’ann< r optv a I p) roiix t* r h an luily i lx < k* <1 by 
a I.e ( hatclier pyrometer; for recording tlx tlanx ti mprraliir* s giv-n in'lahlc 

LUi. 
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'I'lie following table gives the average results of the temperature readings of 
seven heats 

TAIil.K Mil 

A'Ihai.I' 1 1 mikva 11 kh of iiir I'l ame is Du.kt k C. 

• _ _ _ _ t _ _ 

IJlowin^ Imic jn linmilto . , . lA 2 cj 5t S| 8i 

Tftnpoiaiiiri'in iltero ^ . . 1041 loot >155 1251 I2(i; i2(>o 12.S7 1291 


Plowing lime HI miiiulis ... 10 llj I2t 14J 13J 14J 16 Ilif 

Tem|H;ralure 111 ilegHcs C. . . 1319 13.S9 1412 1438 1475 1409 1467 1437 


From these results, Wust ami l.aval' sIi*)\m.iJ the heat relations during 
the various parts of the process. In a charge cons*)tiiig of the following 
materials:— 


I’ig iron.23,0931113. 

l.ime. .... -’93 Ihs. 

Ferro-rnanganesc (76-7 Mn) . . . 154II1S. 

Ferro silicon (.i8’33 .Si) .... 44 ffis. 

•Spiegel (9-5 Mil) ... 1543 Ihs. 


they found that the pig iron whieh contained— 


C .Si Mil 1’ , S 

3’354 o’ 4 »i o’XS ='oo 9 * 0-177 


brought 43 per cent. of4he total heat into the converter, the remainder, 57 jicr 
cent., was .supplied by the oxidation of till* various elements in the metal. 

The heat vv.as used as follows : — 


Heat carried away in gases and used to decompose moisture . 24 

Heat used in heating lime and carried away in slags . 20 

Heat lost in radiation. K 

Heat remaining m steel.48 


Another method of showing the heat available duo to the oxidation of each 
element, and also the net heat available for raising the temperature during the 
process has been calculated by Prof. J.W. Richards,' and is given in Table 1 , 1 V. 

The degrees given in the end column show the lise in temperature of the bath 
for every i per cent, of element oxidised. The calculations are based on the 
following temperatures :— 


Initial temperature of hath 1250° C. 

Final ,, ,, ....*. 1600 C. 

TempoTature of air.•. 100" C. 

Temiierature of lime added.hoe' C. 


• • 

Prof, Richards adds that the above table is for comparison only; it cannot 
be used for an actual case such as when i per cent, of silicon, 3 jier cent, of iron, 
4 per cent, carbon, and 2 per cent, of phosphorus are oxidised, but that in each 
specific case calculation be made for the specific conditions obtaining, such as 
temperature of metal at starting, tximperature of blast, time of blow (as far as 
this affects radiation and conduction losses), proportion of carbon burnt to COf, 
free oxygen in gases, moisture in blast, temperature and quantity of lime added, 
and corrosion of lining. 

* “ Mahl uiul Risen,” Jan. 1909, pp. iai -133. 

• ”Klcclrocliemicat and Metallurgical Indusir),” vol. v, p. 14, 
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Many other investigators, too numerous to mention, have aiUleil to llie 
accumulated facts rslatmg to the therimxhcmical aetlon^ in tlie Itesscmer 
process, all of which have been of more or less service Vi manuf.iciutcitt. 
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Conviher with Side Tuyeres.— In 1856, before Sir Henry HrS'!emer roni- 
nrenccd maktng steel in Shetbeld, he «“\j>erinu‘ntol with a fixed eonvcrlcr at St. 
Pancras» I.ondon. Kj^. 51 h a seeii.nul elevation , 

of the converter used, from which it will he ohsuve.l ^ 

that this design emh(«hcd se\tra! fenture.s fouiul 1:1 » ^ , 

the orilinary cupola used ti>r nulling iron; the air 
cliamlier rouiul ilie casing;, tlie tin< ns and tluft.ij^- 
hole, all indicat<- fhi?!. In some rcs|Ha is it mi^hl 
be rc,4arded as a closed cuptil.i. i’licre were sit 
tu)eres roum^ the rasinj? placeil near the hollom. 
h!ach tuyere was lung<d to allow of its heinj; Idh d 
clear of the vessel to admit of < leamn}’ anfl repaiis. 

The lining: was made of Sioiirhridf:e firehnck, 
inches ih:. k * 




5 "- 


CUKMinx »iIa U St r.Ulc MS, 


This t)|M* of converter was ahandomil herause he f<>un<l it was impossible to 
get the bla'l to jMtulrale sufliciently lh<* moIl<.n m< yil, and hc<auseof the 
excessive wiar of the lining ahovf* the liiyer s. 

Converters with Bottom TuyereB.*-The first converter with bottom myere'; 
was |>atenled by Hesserner in 1.S57 It bad only fine tuyc r<‘ hole in the bottom, 
through wliirh liie blast pass d, and wlien converted, the metal was tapped. 
A sj)ecial no/ It gear was made to se rve the double purpose. Tin: vessel was 
susjx'nded in a fixed position. Ktg 52 is a seclioiui vh w of lii<- arrangeim-nl. 
'rile next develojumnl was tlie giving of rotation to the coimrltT to allow 



the charge to be i>ourcd from the side instead of from the bottom of the vessel. 
A .siclional elevation and side elevation of the vr^stl .m shown in log 

In Kig. 5t, It will be noticed that the pburing and <harging hole is'near to 
the top of the vessel and in line vvuh the axis of the rotating shaft to whidi the 
converter is attacluxl, the whole being operated with worm gearing. 

Fig. 55 shows a modification of the design shown in Fig. 54. When the 
vessel Ls turned at right angle.s to its normal j»osition for blowing, the metal is 
quite clear of the tuyeres. 
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LIQUID STEEL 


In 1S58, Hcssemcr erected in Sheffield a converter of more balanced design, 
which was an iiTi|<ro\ement on previous vessels. It is shown in Kig. 5O, 

■|\u< years later he patented an elaborate arrangement consisting of a 
revolving structure on which were mounted four converter vs ssels. b^ch vessel 
could be tiplx.sl hydiaiilicall), and the whole structure turneii round, so 
that the (h.irging of all the vessels could be done fr'oiii one [rlacc, and the 



I'lu 5^. Fir,. 5!;. 


“ blowing ’’ and 1 astuig done from aiiotlu r. The bottoms of the converters were 
giving trouble, but with t ronverli rs it was posoble, should the bottom of one fail, 
for anollier to be brought quirkly into use. big 57 I's a Section of om- of the 
four converters. 

Original Ideas Revived.—It wr'uld appr'ar that much dilticulty was found 
with the bottom tuyi res, for in 1861 Jieiseiner patented a converter vessel with 




a solid bottom, and used a portable tuyere, as shown in b'ig. 58, This was 
simidy a revival of his first idea,<nit with the addition of a built-up tuyere in 
place of the clay pipe. In his iratent he stales That the powerful heat 
generated at or near the orifices of the tuyeres, together with the chemical 
action of the slags or oxides of iron and silicon, has the effect of enlarging 
these orifices and m a short time rendering the tuyeres unfit for further use. 
1 he tuyeres, w hen thus worn, have to be replaced by new ones. The fitting in 
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'.t5 

of these tuyeres, by the pl.in at prcsi-nt pr.icli<ed, reiub rs it ncciss.itv liist lo 
knock out the oM ones, and then cool down tlie eoiueilmt; vessel, after winih 
the new tuxercs max he insetted in iheir |ilacesainl the spates .0011111! tjiein filktl 
up with a plastic matter or ‘ eroiit, which is xteneiall^' t'oinjtosetl ol powthrtd 
* ganisler niivttl with water, .\tter this is thuie, .a tire is h;hletl 111 the tsuiierter 
vessel am! the wet |>a'rls thereli) pro|H‘ily drictl and the interior ol thevisstl 
again hijthly heated before the pros ess ol coiiMt rsion can he lepeated, the iluiigc 



I 10 s'!. I 1 


of tincrts Ihtis remh ring Ihe a|iparaliis inrapahh- of hi in,; n .1 d for several 
hours.” ^ 

From thesi rt in.iiks, it appears^ lh.it I’.i ssemer at one lime had rear lied 
almost .1 stale of despair r. K-irdin;; hottom tii\t rt s, .iml h.nl in vn w the possibility 
of a return to the use ol .1 less, I with solid hottom 'I'he piiit.ilde liiyeie tlowii 
which Ihe air nassed, w.is lixi d to .1 1 .iiilili ii i .irm i.iisc il ami loweied l,y a 
hydrailhf I im. \fl. r the OjH lalioii ol hlow mp, it was hiti il Irom tin toiiveilcr, 
swung rountl through 1 .'so ', .ind lowen il iiilo a hi ating pii lo ket p it hot. 

Ill i.'su-’, llessemer patenteil .1 suit hlown rolalmg 1 on- 
verter, sliown m log. 59, in whuh tin tineres were pl.m-il 
through Ihe side all roiiiul the hottom ol Iht; itssel. The 
convener was so tlesigni ti that m the pouring anil fharging 
posilmiis the luveres w'-re ahove ihe leM 1 of the melal; 
troth opt rations coulit therefoie he performi il when Ihe 
blast was shut off. The fixeil vpssels usetl m Sweden anil 
tlermany were siipi rseiieil by the rotating loiivi rters 

Detachable Bottonlij (Besflcmcr's). In 1X63, !!■ sse- 
mer ]eitented the first ilt^tat h.ihle bottoms iisi il with 1011- 
verters m which were littcil tin loose tuyeres It was .1 
step in tin: riglit, ilin^i tioii, and shorteneil the time 
retjuired for making gooil the bottoms. I!y using a 
s|iare bottom, it was inteinletl to remove the ili fit live 
one and rcjilace it with a new true so that the woik 1 oiild 
be proceeded with in a short time. IJiffn ulty, however, 
was found with the joint between the bottom anti the 
lining of the converter, the re[jair of which oflen took I'n;. 60 hf' wmer’t dc. 
some time ami caused consitlerahle delay, h'lg. 60 shtnvs lachalilf ttt.tiom. 
the det.ichahiu bottom used. 

The skill and ingenuity exercised by Ifessemer are milirativc of the marked 
ability of the man, and his dogged perseverance in spite of so many failures and 
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with the bottom tuyi res, for in 1861 Jieiseiner patented a converter vessel with 
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converter, but the tuyeres were inclined to the liorirnntal, .is kcM .i-- |il.ici kl so 
that the ends of the tuyeres in the lilast-bm were .ilnne the level of the mcl.il in 
the converter. There were 4 tuyeres inste.id of the iisu.d 30. Tlus,conveitet 
was abandoned lue.iuse of the rapul wear of the tuyerfs. 

Clapp A Griffith* Converter. - l ij^ 6 ; illustraik .s this com erter, the iin|Hiitant 
features ol whu h < onsisti rl of an arranyi uient whereby the tiireies aiiil slajj-hole 
could lie closed at the end ol the Mow .ind Jhi' tap-hole iiiunedi.iti Iv o|iened. 
The tuyeres wire ti in iiuiiilu r, i.ieli liaMiie one hole I* indies in diameter, and, 
while placed hori/oritall) .and ladi.illy, they wt le also .il'ont .S inches above the 
bottom of thv convuter, so th.il when half the metal was tappid, the salves used 
for clo.sini; the luseies (oiild be 0]>eiied and 
the blast shut olV, while tin- remamiier ot the 
Steel was tapind Itoni the coiueiter. 


-Hi 




FlO. 03 'I Ilf C 1 i|'j'aiiiH.fifi i 


Mjlf S< 1 I’onril I U . .it.iin 

Fi<'. '1 !tc 1 la'tdn rc)n\filer. 


Tlu's.-ron\crt(.rs workt’tl \rry b,'Uisf;i< (only, it bcini; rcmnltd that ns ni.iDy 
as htal'i of sit * 1 |i(T 'slult hi n- >>l'tanud fr<mi ih*' c finv* tier williout (iilb<'ulty. 
'i'lic pn sMirc of till- air ust tl was from 7 to 10 llfs. ]K.r sf|uau* nu ll. 'I In- tuyeres 
hati to be rcMieweii every .^o lo .ps iieats. Kspairs to tlie inoiitli of the vessel 
were al>o fre'pient, the pr.u tire lo work one s i ssel for the lirst luitf of llu^ 

week aiu^tlKii shut it down (or rt l’.iirs, whdi; another vi ssel was put in operation 
for the reniain<!er of ihe^^’erk. 

HattOQ Converter.—Jn llns converter, winch ssas jiatinlcd in iflSj and 
illustrated in 1‘ig h j, tlu- prim ipal iiiiproveinenl is fomui 111 the use of a valve on 
the blast pipe loaoifci^ to^ea* h tuyere, wlm h is [tarlially ' losed at tin- nunm nt of 
tapping. 'J‘he Ccniipln ated ililferenti.tl pistons and slopp< r v.ilv s in llie < lapj) 
and (InlTiths tyi>e are dispi.nsed with. The blast box is above iH'lead of on 
the level with the tu\eics, alh^wing for rejjairs to Ije tfh Ui d more 1 asily. A 
detachable i>ottoni is also used, making its renewal easy aft'-r from 50 lo 80 
heats of steel l ave been produced. * 

Witherow Converter.- In 1H85, \\'itbc'row patentcil a converter shown in 
Fig. 65, m which the same c fleet was prodmad by one valve as v\as oljtaincd by 
the six valves in Hatton’s de^sign. 'Mie objer* was tlie saim-, i.e. to reduce the 
blast pressure at the end of the blow. It will he observed from the figure that 
one pipe is connected with the blajt box, and upon this pi[>c is placed the 
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Half Sacfional CI#vaf»on 

65.- 1 he WilluTOw Cntuv rtcr. 


regulalin;; valve. It was certainly an improvement, Tlirec blows per hour 
were obtained from this vessel. With two converters, in which alternate heats 
, were blown, four heats each of a.J tons 

, ■' N. ’ could be obtained \ict hour, and as many 

/ \ as 150 tons in 24 Hours. 

\ \ Walrand Converter.—In this design 

j \ \ • there was a distinct deiarture from the 

I , 1 \ other converters already mentioned. It 

f \ ; \ ... . will be noticed from the illustration, 

V'’ V. , ! \ -T' Fig. 66, that the tuyeres air; on one side 

*in ::1 only, although 111 Ins patent specification, 

0 VJ i I, \ ' ‘'ated I.S8.(, he shows a vessel of circular 

r section as m Fig. 67, with tuyeres ex- 

' ' ' I 1 ' tendinj? three-fourths round the circum- 

>4,^ ^ > >1 L 'll ference. 11 ithefto the tuyeres had been 

"I j placed all round circumference at the 

! j..y ""' I i evtreme bottom, or halfway from the 

rif-‘ i Cj-t*. I ,i I'otto'u to the surface of the charge, 

r (V [■’ 10 ii , j Walrand placed the four tuyeres on 

ij, , L II .sit V ji il ‘ogt-’lf'cr, but slightly 

I j' * ' inclined them from the centre to give 

” . UJ 'jl_j ■ rotation to the licpiid metal. They were 

I also placed nearer to the surface than 

Half Secrionai EUvanon before. I Ills appeared a retrograde Step, 

Fic. 65.- 11 ,,- WuluTow Cor,voter. Contended that the 

• nearer the blast approached to the sur¬ 

face the greater was the waste due to oxubsation. This, 
however, was not found to be the case, 'i'here W’as no 
dilliculty to overcome regarding the possibility of the ^ 
metal getting into the tuyeres when the blast was shut 

oO, as the convetter was mountcrl on trunmons and ■ ^ T ^ * 

could be tipped in the ordinary manner. Kach of the yT 

four tuyeres had a rectangular hole, 3J'' to 4" X if, ;■ 

and with a i-ton charge both .acid and basic steel were 

made siiccesslully, _ | V/{'y 

I he waste in the acid steel averaged 16 per cent., f— 

which was not any more than in the fixed converter with [_ ',4^ 

tuyeres .drove the bottom. Tlu* original Swedish vessels V ' ^ 

(lixetl) vtith tuyeres at and round the bottom produced 

a waste of from i j to 1 5 . “ 

per cent. 1 lie time taken j-* 

to blow was from i6 to r8 ; \ I 

minutes with a pressure of . P P r w ' B 

from 4 to 5 Mrs. |)cr scpiarc 7 / V \V - .■ * 

incli. When hlowing basic E ' T ( ( * 11 i'**! 11 

charges, a slightly lower H; '^l' Vl A \ / f —• 

irressure was roipiired, and I e . J d\ A; . 

the Mow lasted from 6 to ’ . V ‘ 

13 minutes fora i-ton heat; • *' ■— n [ ~ j|’ 

3 to 3 charges were pro- Secnonai Plan ij 

duced per hour. _ .. , 

Robert Converter. - Converter. 

rile cross-scctional drawing of the Robert converter shown in Fig. 68 is so 
much like the Ualrand that it is difficult to see the ground for a patent in 


Vertical Section 




n /V/niu 


Sectional Plan 
-The W.ilrand Converter. 
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1887. Robftt iiitrodufcs more tuyeres, each liaMiig holes of diiieient seiliou 
-tlun in the U'alrand conveiter. He also <ieliiKS adelmite aiijjU' (ui e.u h tuyrre, 

ranging from o ’ to ;o to the ]xriK-ndicular. Another point ol ditfereiice lies 

• * 



t h -1 ' St f f < » Shelton r ht ,y ,j t r,-\ 


Kli:. f.7 —lilt? W (•.■nrtrt.T. F'tJ. 6S | |,o K.r,.iuritcr. 


til tlu Iincrt s If-Iii;; jilactMl m.iitrthr sinf.i. ,■ of ihr imtii m lln* ronvorlrr lli.iii 
in the W.iir.intl, Ilir ilist.incr lu hil; ,\tiom i un lu s m \ \ nx lirs. Koltcrl 
cl.iiiiis til.it tlir tu\t.rL'i tx .ir the suif.u u llir K’.uIujii Inkcs pl^rc St 

onct* wh( I) the hKi^t Is 


blown down into tin- Injiiul 
metal, ulxrehy tlu* pro- 
tliK'ls of th«- rc.i< tion mix 
miiiu fli.itcly with tht.’ slaj,^ 
jnsi«\\(l cl passinij 
the l>oti\ i»r m« uil. 

Tropenaa Converter.— 
From the history oi ilic 
‘■Hle-]>l,yn n ''onv(. rt< r it 
will be ohservf d iliat the 
original .Swedish fixed < on 
\ (rt<Ts h.id Inyi n s at the 
i'Ottmi; gr.ulually the 
luycKs Wire rand lo- 
ward.s the surface until in 



the rase of the 'rropsnas 
design, •Sections of whn h 
are shown in big. 69,nhc 
blast IS diici'tcd uiK)n tne 
surface, from the side of 
the converter. * , 

i’ropenas made a dis¬ 
tinct development in tlie 
(irocess of converting iron 
into steel, and proved that 
It was unnecessary to fiave 
a violent swirling action of 
the metal in the converter, 
which had hitherto been 



considered essential. Fig. 69,//, c, and </, shows sectional elevations and plans 
of this converter, showing the relative positions of the lu)eres to tiie surface of 
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the metal, Tn his patent of 1891, he shows two rows of tuyeres, and claims 
thereby "a method of increasing the temperature within the converter by 
projecting air through tuyeres arranged at a sufticicnt lieight for causing com¬ 
bustion of C< ( and hydrogen evolved during the operation.” It is many years 
since it was found quite unnecessary to have the top row of tuyeres. 



Fin. 70.- Trupenas nrop-Tlotlom Converter. 

Drop-Bottom Converters.—Tropenas li.as recently applied “ drop-bottoms ” 
to small converters, on the same lines as they arc used at |)rcscnt on cupolas. 
There are two hinged parts forming the dooi, and when closed a bar is placed 

D 



bccno'i through Ui)crcs 

Fig. 7i.--?‘Iio Mock Converter. 

across the middle of them and secured to the bottom with suitable clamps. 
Fig. 70 shows the bottom clamped in position. 

When the “ blowing ” is done each day the dooVs are opened and the bottom 
knocked out. This allows much more rapid cooling, making it possible to do 
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the patching next morning before starting another day's work. To make a fresti 
bottom, the dtxirs are closed, and a siioei.al com|H>siiion is rammed u|ion iln-m, 
which is dried (piickly by the usual heating, pr iuratofy to lei eiting Jioi metal. 
With this arrangement it is possible to work the same eonveiter every day, 
instead of every altwrnate day, as is the case with eonvei ters having solid 
bottoms. 

Stock Converter. -Fig. 71 shows a secli< 7 n through the lining .ind tuyeres 
of the Stock converter as patented in 190S. This vessel is used both for melting 
and converting the pig iron. Dil lets ate pl.ned in the linens during the 
melting process, which is lariied out under a low pressure blast of from J to 
* lb. [rer square inch. 

The melting is done w-hile the eonvthter is in a horirontnl jio.sition, and the 
hot gases from it pass into a heating rh.imber through which the blast iiqies pass 
from the blower to tly; converter, then by raising the tnnpeiatnie of the air. 
Wlun the melting is completed Uie oil jets are removed and the eonveiter set in 
jKisition.for bitiwing. 

The princijeal advantages of the proci'ss are— 

r. That no sulphur is mtnrdneeii dining melting. 

2 file wastj- heat from the melting is utilised lor heating the hl.ist. 
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In CliapU r XIV, on llic cv(>Iiiii<^n of tlic Bcssenicr (’onvcrtcr, reference has 
been made to llie development of the bottom blown converter'> which beloni' to 
the class, designated large, in (ontradistoK lion to the small Ib.ssemei plants, 
which are (ommonlymade of the side or snriaee-blown types. 'J'hcre are, of 
course, some small bottom-blown plants of 2 tons (a[)arity, but tjiese are almost 
invariably used for the matuifacliire of steel for eastings, and not for ingots such as 
are produced m the larger plants. '1 he ecpiipment of large Hessi.'mer plants is 
necessarily on a very much larger scale than that of the side or surface-blown 
plants. Mo-'t of the large ])Ianls uoik in conjunction with blast furnaces direct, 
or indirectly with them through mixers. (It is also a common prac lice in some 
works to remelt pig iron in cupolas before coiuerting the metal into steel.) 'I'lie 
si/e of conveilers has becM mcieased from lime to time, until now they arc made 
with capa< ilies up 16 30 to 35 tons. •' 

Haste- and acid-lined converters differ j)iinripally one from the other in the 
kind of lining used. In the di sign, general ariangement, and nn i hanical fea¬ 
tures, these two kinds of < oiuerler plants are not m cesMiily unlike «-a< h other. 
The basic-lined converter is usually larger tlian the acid lined coiuerlcrof the 
same caj»a( ity, to allow for the use of lime and oxides in the loinier, ]>ut with 
this c.xccplion, both ])lants can be made practii ally identKab 

Design and General Arrangement of Bessemer Plants.—'J'lu- locality and 
situation of the works, and the relation of the Bessemer converters to lilast fur¬ 
naces (if any) and the mills, also the si/e of the converters, inlluencc voiy con¬ 
siderably both the general design and arrangement of the plant. Hessemer 
converterjj for the production of ingots vary in capacity from 5 to 35 tons; some 
plants for tins )'Ui[>ose may be still at work having capacities below\5 tons. 
In the case of large plants, the auxiliary machinery roqt^ired for hamlhng raw 
materials and the lujuid metal must he nece.ssarily of far fnore anqile proportions 
than that retpnrcd for smaller installations. • 

Cupolas.—In addition to the cufxdas whu h arc used for melving spiegeleisen, 
such as are shown in Pig. 87, large cuj)olas for renu^ting* the pig iron are 
employed, where the molten metal cannot be taken dirct t from tlie blast 
furnace or mixer to the converter. These cupolas diirer in details of design in 
several particulars. With reference to the bottoms, some arc solid with wells of 
varying capacity, from which the metal is tapjx'd as required, just as in smaller 
cupolas; while others have bottoms which serve the same purpose as 4lrop- 
bottoms, but are arranged on removable trucks. 

Fig. 72 shows a sectional elevation and plan of a typical cupola with solid 
bottom, as used at the Burbach Steel Works in (Jeriiuny. The metal is tapped 
into a ladle on a loco wagon below, while the slag is run into slag pans ou loco 
trucks. 



LARGIi ilESSEMEK COMEh'rEK I'LA.MS 





Pig. 72 — riij«4.i al Burl ic)i .iLn, (jcrmauy. 
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Mechanical Charging of Cupolas.—Many devices arc employed for mechani¬ 
cally chargini’ large cii[ajlas. In some works all the materials, such as pig iron, 
scrap, coke, and limestone, are conveyed in skip trucks along elevated con¬ 
veyors to the top of the cupolas, into which the materials are tipped automati¬ 
cally. 1 he arrangement of charging is usually deterin'hed according to the 
conditions available for handling materials and the cost of labour tn the 
locality. 

When Ihc pig iron and scrap metal are brought into the works in railway 
trucks and unload, d in the stock yard by overhe.td travellers with electro-mag¬ 
nets, the storage of the iron in slacks, suitably arranged for the loading of 



11.11 row-gauge ehaiging trucks, is tisu.illy r.irefiilly observed. •These trin ks are 
loaded by an eleiliic overlie.id ri.ine, fitted with elecird-iii.igiiets, and aie either 
brought direct to the chaiging platform of the cupola ami tipped so that the 
contents arc shot into the ciipol.i, or elev.ited from .i lowir Hour to the charging 
stage, and tipped aiitonialically. thus discharging the mateii.ds into the cupblas 
The nio.tns of tipping employed aie numei’S^s, and the power for operating 
the upping dewices may be steam, air, water, or i lectricity. In America such 
devices are moie common di.iii in this country. 1-ig. 7 ; shows a photograph of 
a Whiting Charging Machine in the lipping position The trucks, it will be 
observed, arc ol .simple design. When cliaiging jug iron and scrap they have 
end plates only, about la inches high, with open sides: hut when used for 

4'.»» ..I .....u -: I . - 




LA/n:/; /}/iSSF.w:A- coxysAjj-A r/.txjs ,,5 

CL,>oh tml n<-.ir the charRing door is fixed the lu.lr.mhe vaUe f„r ,.w,.it,„e the 
JP!«nK ohndcr. A dillerent tv,>e of ,lurj;er .s d,o«n ,n 1 ,^. xxh.eh 

the milk of maicii il is tdev ii,d hy .1,1 , le, tii. hoot, it heiiii; so dtMKnfd that as 

auunnaneally'"*' V'"' '' "" '' "I'lx-d 

Ohjoction IS soii.etfn.cs l,xk. „ ,0 iiueli.xniral ih.iie,,,,,, 

hdlt) of 11 iiexen distiihutKm of t!ie 11,at,-11.11 el.^ie. d inlo I',,- , „,.o|.i 11 ,., 

ever, (.111 he tri;ii,.iii d h> the .>1., i.itor, ,i sudden moseiii, ni ol the tii-p, t < iiisini; 

“leTi:";;:'::''''.•.. .,'i......i 



cmii , I ? '‘‘"l ■'’-•''K'-r h.is heeii surressfiilly 

kT ho , 1 . ' ''"I'"'-* "f '•'! 

would rcuiiir'- '"""-lit - iiarKUiK .il.|..iMliis. 'Ilie s.ini,.-, npolj 

imnlk 1 *^* 1 -'s f.ir .IS the debi).:ii ol the rom. rtir is eoin i in. il its form is 

3vener"h -m l’" ^ " KO'^<J 

hottom. In die "" ‘'""''•'"i" nose and deta. Iiahle 

-- the nose nart 'lesiKiis tile bodies arc usually made m j or ,( scrtirms 

design. Mam- ; r"""' 75 ^l-w, a typical 

body as inostVf if' ‘'""-fO-f; arc made with the nose part ceiinini; with the 

advJntaces i. C"'”'-"'-''' "■'-rn made. ■I'licre are lertam 

t> ■ iig converters with errcnirie nose paits, as shown in I'late H 
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{opjjosa?* p. i6o», the principal In'in^r Othai the ^.tses jnd issnin- li.un 

■(he cimverler can he ('.irru <1 aw \y m')ir l■aMK■, and aKo i ausc- h ss hk onyt-nienct 
m 0|>eratni;: tlir overluad plant iluti when the ^as. ^. <{» , i^mic n<Mi» the »nn- 
verier m a r!i« al dir<.clu<n ; {2) the « har^e can lie in ific body n( (ii< c<‘n\erter 
with Icis risk ot cntcrki^ the tuiores or escajiin;; at (he ih»sc when ih( Mast is 
shut off. 'Fhe view of ineliuere block insulc theeonvern r l^. h<>wi;ver, rcNtricted 
when liie converter is inaih' vnlh an ei centric jv)sc 

CoDvert6r Bottoms. n» tachahle hoitoni sections an’ n«»w unj\ersallv ein- 
plo)Ctl with constrlers 'rhev usually <'onMst of the wind . h. si, . ,.inlun< d with 
suitable alia<-tiinems for fast* nini; to the loiutit-r sh« )1 .in<l f-u utainin^Mlic 
refractory bottom. In Fi^;. 7=; is shown two \kws «>( a t\)>n.d coiutHcr, which 
15 built up m 3 sections, llu' bc»lloni beiw^; alt.u !ml to tfie body !<y in< ans of 
cotter bolls 

Another t)jK* of conk« r(tr hiniy with d'(a< liable bottom is illuMr.i(< d in 
Kij?. 76. In this desmn^he boitoin is jiv. d to tlie body ol (h. *..n\<rtef with 
bolls and • ott. ts, arrant:* d'iiift n ntl) from those shown m l i,: I he design 

shown in I*ig. 76 rt pr* st nts tin- < <in\< tiers us< d .u the Huil a. h M< • 1 W’oiks, m 
whn h 4 ring is ti'e 1 Iiclwi- ,1 the wind < hesi aii«l the sin II 0/ die , >nvi rler, to 
present the wiiul^< h. st from h< mg «lamag« d shoiiM .1 1 . akag** oi st* * 1 take j*lace 
at the liottoin loint 

There ar*' two dislinri kiiuls of r*. Irn. lory holt<)iiis : — 

1. Kcba* tory hlo< ks with hoh-s in them, to r<«< tvi* tireel ly tny* r* s. 

2. Refraciory b!<»ks through win. li (he blast hoK s an- pn n . <1 while tiro 

liottoin IS being ramim d. no ollu 1 liuen s being us< d 

In I'lg 7; IS shown a * ompleleiy rainme<l and tuy» red lioll.im m piisition. It 
is composed of refractory matcri.d litlid with fireclay tii\* r<sas sbown at “ 

'Fhe tuyeres are kept m position by mtans of plates an<l holts liod to the under 
face of (he plat* on who h the hotiorn is rammctl. 'I h*' method <d fumg the 
tu)eres IS sh*)wn in the illuslraiion 

Refer ring to Kig. 76, secti.m of * oiucil. r, it will he ohserv* d (ha! the lehaetory 
b'ittom or !)l*;ck is pi'.i* ed with small hoi*-s ahoul '' tiiam, inst* a*! of heing fitted 
with fireclay tuyer*: 3 . I hc refractory hlork is ratnm*-*! ii[)on a p(iforale<l iron 
plate in a machine s[>eually desigiK*! for tins purpose, sueh as illiis(rat* (l in 
^•fs‘ ^ 9 . P- After being ilri<‘d, the blo< k is secured m tin' base of the 

Converter by s< rewed studs whicli passthrough bars of iniM st* el suppoiterl in 
rece.sses in the wind cliest franu*. Th* se arc shown at “ A ” m I’lg 76 These 
refractory loocks are removed from and replace*! in the fonveitei, Ity specially 
arranged hydraulic ram mounted upon a truck, without ihsiuibmg more than the 
rover of the wind chest and ihes/'rt wed studs rrferred to ahrive It is, tlfercforc, 
found undeccssary to break the |*>iMt between the wind r hesl ami shell of the 
converter when filling tuyere blocks. 

Tilting the Converter. 'The rnetiuxl employed for tilting is either with the 
rack and pmion as shown in Tig 77, or with worm and wonnwhe* ! as usually 
adopted witli the liyaller converters. In the former < ase the junmn is securely 
fixed to the trunnion on one side of the v* ss< 1, and the ra< k wliieh engages with 
it and forms part of a piston in the hyijraulic cylimh r, is kept in gear by a guide, 
against which the ra<k slides when pressure is adrmtled to the rylinder. The 
ojieration of the worm an<l worrnwhetl altachrnenl is <ither ronirolled by a 
separate steam engine or electric motor, the worrnwh* el being keyed to one of 
the converter trunnions. 'I'he hydraulic lippuig g<'ar is most < onirnonly adopted 
for large plants. Both designs are suitably protected from dust and falling slag 
by sheet steel covers. 

TranDiOQ Bearings --S()e<'ial attention has Ix-cn given to the design of 
trunnion bearings. In some cases the lubricant is forccdinto lliem under high 
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pressure while the vessel is in motion only, and by means of the movement of 
the converter. A very liberal supply of grease is also kept in the bearing covers 
to prevent abnormal friction, should the automatic lubrication from any cause 



Fio, 76.—Section of Converter userl at Burhach Steel Workv. 

{Notk.—A ll dimensions are In millimeires ) 

whatever fail to act. Roller bearings of various forms are also used, In which 
the movement of the trunnions causes the roile’-s to turn in thick oil lateral 
clearance on trunnion bearings is always allowed, for expansion and contraction 
of the converter. 
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OperatiD^ Valtea.- 'Hie operating valves, including the hUst and tilting 
valves, are arrangeti as a rule on a plallorm close by the converter and in such a 
position as to allow the man in charge to have a full view of the conve|ter in ail 
positions. Here .ilso are fitted the signalling aj'paralus to the bl.ivt engine 
house, the pressure gauges from the blast .iiul hvdraulie in.iins, and otlier 
signalling appliances to the mixers, cuiH)las, heating furnace, and cliarging 
platforms. , 

Non-Return and Relief Valve —As near to the stoji v.ilve as i>ossible, and 
on the converter side of same, is tilted a non return \aK<‘ which auttunaiieally 
closes when the pressure is shut oil, preventing the return t>l any explosi\e gases 
to the blast m.iins. A relief valve is also fui<‘d in coniuiution wiiii the blast 
stop valve, so that the op< ration of the cjiy is (!e|K ndeiu upon the (*tli<r. Such 
valves arc also (apable of working nu]« peiulenlly of the blavl valves, .ind e.in be 
weighted to niicNc piessiue acwfiding as uijuif<,d. Relief valves aic tilted on 



Kiu 77 —One of I'llnng ‘'‘'lucricr, with Ilyiiraulic 1 \ tm aft.ingr'l tiontotif.illy. 

• 

the blast mains in some designs (fuitc independent of the blast valves, Inil in all 
cases ojH-'rate autoniaiicMrdv. 

Blowings Engines.- There arc many iyj>cs of blast engines for supplying 
blast to the converter. *]n works where blast furnate gas <'ati be utilised 
economically, gas flrjven blowing engines arc used. In other woiks, e!e< irually 
driven blowing engines are ein[>loye<l, while the older form of reciprocating steam 
engine of the vetiical and horizontal types .irc more ffe<|uently inslalletl. Steam- 
turbine driven blowing engines also find favour in .some works. In ( h.ipler XVI 
a few m<x 3 ern blast engines are vlc-scribed, illustrated, and euinpar< d. 

Arrangement of Converters in Relation to Other Plant.- t he most general 
arrangement of converters is to erect tiu'ni side l^y side in one line, each being 
mounted in standards above the casting shop level witli the boUom of the 
converter sufficiently high to admit of its detachment from the body and removal 
on ipecially design^ trucks, wfth the minimum of labour. 1 he relative position 
of the mixers, blast furnaces, or cupolas for remelling pig iron, and the cuiwlas 
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for spiegol, have a determining influence upon the character and arrangement of 
the staging, buildings, and su[ierstructure of the plant, In some works where 
there are/10 blast furnaces, all the pig iron used 111 the converters is remelted in 
cupo'as, while in other-works, < u[jolas are only used for riielting the pig iron 
produced from the blast fuiiiaces during the week-end In other cases the 
cupolas are not used at all, as the metal from the blast furnaics at the week-end 
is passed through the mixer hefojc hemg transferred to the converter. Most of 
the largest works employ the mixer, into which all the metal from the blast 
furnace is poured, and from whiili the comeiters are supplied. Different tyjres 
of mixers are desi ribed in Ctia|iter XX.X. - 

Auxiliary Equipment.— I'lic auxiliary eipiipment for Iies.senier plants differs 
according to the design and general, arrangement of the installation, and the 
facilities available for handling the m.aterials. Much labour and ingenuity 
have been be-stowed on the design of the ap|11iarices iisi d m \aiious works for 
handling the materials, as well as in adequately deahi\ with the repairs of the 
vessels anil otlii.r parts of the plant The - rtishiiig, grinding, mixing, stamping, 
and drying iiiachincry and furnaces for the refr.utory materials used in the 
converters, are in themselves of consideiable iinportaiKe in large works, the 
design and arrangement ol whuh have reipiiied laulul study. Many other 
designs and arrangements of plants could be giieti, but the folirfwing de.scriptions 
and illustrations of typual llritisli, .American, and (Irrm.in Ikssemer [il.ints; 
afl'ord a more coinprehensive ide.i of the cliaiai teiislic leatiiies of the general 
liessenier prac tice throiighoul the world. 


British Bpssrmi r I’r.actk i-. 

Hritish llissenier |ir.ai tice h.as been very l.irgely coiilined to the acid Bessemer 
process, and iinloitiiii.itely the progicss, as far .a.s output is cone e led, has been 
declining during the past 20 years, as will be obserxed Iruiii the following ; — 


Outlu! of Alu! lowonu! Sl,i/ 

i.Spo . . r,fi 12,7qo tons ol ingots, 

iiyoo . . . i,25;c;oy 

1910 . . i,i,;.S,ro3 

The pifsdiiclioii of basic Bessemer steel m this country is relatnc Iv small, and 
the increase in the rate of output during the pass lew years is not cjiiiiparable 
with that of (leimany In iS.So, (Ireat llritain produepd 10,000 tons of basic 
Bessemer steel, and during the same year Cu rinany's'out]iut was 18,000 tons. 
In 1910 (30 years latei) the outputs wire as follows ■ 

Gtcat Britain . . . 6 (1,012 ton's. 

(lerm.iny.,8,030,571 „ 

Table I.V shows the output of acid and basic Bessemer steel ingots in Great 
Britain during the p.a.st 30 years compared with the o|)en-hearth .steel produced 
during the same period. It will be observed from the table that since 1890 the 
output of acid Bessemer steel ingots has declined, while that of basic Bessemer 
sterd ingots has increased. The greatest increase has been made with the basic 
open-hearth steel ingots, the output being over 15 times greater in lyio thtin 
in 1890. 
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OiTrUT or Acir> am* IUm. l5»ssr»«KR Sirn Inu.-ts* in Ckkat i,vv;tj 

lO 1910, I HMI AkH* WIllI Orin i Ai ID \SD H\'l< Uris HKAklH ''IHI 
IH KIN'. MU ‘'^Mt riJltOt> 

. ..N _ 

> 'A • w 1 .. , ., , 


Aci‘l Hf*i>cincr 

ItAvlO ... • 

.\ckI .']<n-l.(af' 

liasu ,, 


I.OM. 

351.<-^.10 


4 > .MM 

wi \ 


J'U, iu$ 

J.v-J. 

-•..MS 


i.i 

(Ml.oli 


'I'hcrr arc •■t \< ral l.aMf, 1 ut fiinny inou a< id lli ssciin. r m dns rotmfry 

j.rodiuin^' •'tttl n^^uls.^^l'r arran^'tincnl .uul i!(S'i.'n .'1 uhi<li <l)JUr only 111 
detail,'?, Some niakt rs luc iiKtalMiu cl Irom the I.Lul luinacis alt< 1 (i.i-.Mnf; it 
tlirou^li inixf.r'', others ha\e (he \i\: ir^n hidiIimI in (upolas ifie plant 
ari.m^tiju nl difters lh«r(h're in ilu applianci s um d /oi h.imilmi; ilu- ni.il<-ii.ils. 

.\t die works «'f 'tl;e Nuilh l-.i’.ttin St( cd (‘o , l.td . Muldlf sl)ioiiL;h, the 
basic llt..ss(. im r pM' in «' as «.\rt k d oul du r( ni.u he l.ikt n as I \ pi( a) mI dn‘ l)e^l 
l.ritlsli prai ti'e. 'J he woiks were < r<M( d in I's'spaiid in d:< h.lh.win^ year a 
description nl die pi.ml was ^’i\ui hy Pr < o.ip. r ' in die IhoMcdinKs of the 
Iron and Steel In''iuiue Sin* e tin n, hn\M\<r. tin lue ol Mipdlas Utr melting 
the pij; iron has hn n dis( oiuinui d, and in otlar dt tails (h< pi.ml h.is been 
modernised, 

I 0 A V'idrtt S ^ ! th f n Sfiii iliti-s. 

General Arrang^emenl of Plant - l-tom the plan ol ihr Noiih b’.isiern 
Steel \\ (-rks, .si'/iwn in 7S, the j.osiiu.ns ol dn blast ltiriia<es, tni\«rs, and 
lonverlers ao indi< atetl. 'i'he M.isi tuin.iMs aic on one sul* o| the main 
railway, and op] osite lo the sttcluorks ulxre the niiX(rs are phn ed '1 he 
inolu n metal is t.ikt n lo the nnvers m I.idh s ol tons < apa* ily of die l)< whurst 
locomotive* ly]'C, similar to dial show n m b i^*. 79, and the (oiiD nls are (liarged 
into tile mixer with .1 sjaxial form ol iijdranlii eian<- lor tiltijii^ du- ladh*. 'i here 
are two j ton mixers, and two mi\( is ea< h of .p.io tons < apa« ily. ’I'lie latter 
are ^aslir^d, .ind sin<e llieir introduction, the pig iron ni.nle l>y the hla'.t 
furnaei s during tie.' W( I k-eiid has goiu loth* mixers inst<*ad ol bring refuelled 
m cupolas as foniM rly 'I'lie mixer hous» s aie- e<.n\r nu iilly sjtual. il in* relation 
to tfie* lk-ss«-nicr plant, .ilthouglr not adjoining v.nur. 'J'hey are e'piij.jied with 
modern drsnes for h.i^idhng du; various niat< rials, such as ■,( raj), <jre, lime, 
lluorspar, cl' which arc • barged into tlie rinxtrs li) anelxtru mac lime*. Kig. 
80 r.s .1 [.holograph of lh» mixer siagr. broin tlie niix<r the molten metal 15 
taken in a loeomvlive ladK. to tin convi ri< r house, wh< re tlie ladle* of rm tal is 
raiseel to the* convetler platform hy a jo ton liydraiilic hoist, an<l then taken by 
a locomotive to the convr rter, into ulu< h the coni' nls are jx.ured 

Converters. 'I'here are four < on\erlers arrangi d side h> sui<*, eacli of 
10 tons capacity, three of which are rn constant use, while one is always imder 
repair. Pig 81 shows a [.holograph of the H< •.semer simp '1 he converters 
are mounted on standards hxccl to foundations on th'- casting sho[» lexc), so that 
the bottom of caeir ccjiiverter j.s a sufhneiil height al.ovc tlie groirnd level to 
allow of the use of a special truck with hydraulically oj crated table for ihc 
removal of the converter scTlions. 'I'he coDMilers arc made m .sections for 

* “Journal Iton and Sletl Innitute,” 1912, I, pp 4^', 49. * 18K4, 11 , p, ^jj. 
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convenience in handling and reiining. When the latter is necessary, the special 
truck referred to is placed under the conyerter while the nose is upwards and 

the body is in an upright position. The weight of the bottom section is taken 

« 



by the truek while the bolts are withdrawn, after which the table is lowered and 
the bottom removed on the trui k to the repairing shop. From the truck the 
bottom is lifted by a 30-ton overhead crane and’placed on suitable supports, 
and the old lining knocked out. 


FlO. 78.—Plan of the !Surth-Ert-.tern Steel Works, Middlesbrough. 




LARGE BESSEMER COSVERTER P/.AXrS (^ 

*f.converter are dlsninm led as follow > - 
■ *'•■'5 been removed as describwi above, ibe convener is turned 

round with the nose p.art doKnw.irds, nmler wbicb a truck of a vlitfercnt form to 
that mentioned above is placcil, and into wbicb the ivise of the coifverter fits 
An overhead bytlraulm crane of too tons caiwieilv is used for raiMiii; slcdnlv the 
op part of Ibe converX-r ami bolding it until tbe bolts are loosened fjoni Ibe 
trunnion ring, alter wliicli it is loweievi ui>on Ibe lim k b. low Tins ivarl is now 
taken away to have the obi lining knovked oift and tbe new one nut in. A rail- 
wayturnml'le admits of trill ks bung snitthed into tlirce ,bib lent repaiimg roads 
Helining, Converters -ibe o|Ki.ition of nluiing consists of bn. kuig the 
inside of tbe converter with si.cc,al!> shaped bruks made Itom tlolomite. vvbich 



Kit. 7-, —I 


is r.n.t.Hi, ;;n>unti, tiiixc.], mm\ prrsv.'il into lirifks aii^I <\nr<\ hy the \orlh- 
h^slcin .Mo.-l own iilmt in the b.iMC icj.iir shop. I'iif roiiv. rUjr is 

placed on a stan.l, nosc downw.inls, .uid the Iirnks ,ind lotksf h.isrc material 
raised on a smill hwlraulic hoibt inside the (onvirl<r as rc'iuiredi thereby 
considcra!>l> rodut in- the l.ihonr of hricktn- Tiif hn- kii^ is - arrici out from 
lilt- nose n,)ward'>, and tx hin.i < .wh roijr->e of bricks about i iiK hes of loose 
basic initt.rial is raiiimefl, ivbi< b makrs a very se<'ijre and (oinjui t lining' ’I’he 
(;round d()if)imte used bft- tbe bricks is mixed with yj to lo jkt cent, of tar 
before heinc moftldcd into form m the iiydranlic [iress, at a jircssnr<j of two tons 
per square in< ii. 

Converter Tuyere Blocks. -Pnese bi<) k'' arc* forme] m a inoul'l un ler a 
3 ton steam hammer, after whu h tlmy are fifd m stfivi s liy ai)pi)'inj{ the heat 
very gradually until a cherry-red colour is obtained. ’I’bc fir.iu nkes about 
70 hours, after wbudi llie stoves are allowed to co'i! slow!)’. Phe tUicre blocks 
are now secure ! to tbe liottom part oi the conve I'-r. The b iitom section it 
placed on a revolving table, and the tuyere bloek is pul m tlie rciure of it, the 
space around the block and between the casing being fill -fl with basic material 
properly rammed by a pnenrfiatic hammer as the table revolves slowly. When 
this IS completed, tbe converter sections are replaced, the lop part being first 
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sc'urid to i!i(_ liunninii nr^' hy ttiL :cicl of ihc ico-lon crane and aflerHards lire 
lioUoiii p.irl li) t[i' '-pi I 1.1I4 lon^triiilid Iriii k «ilh hydraulically operated top. 

Dryintj the Lining'. .A woud hre is h^litcd in tin con\erler, and coal added 
afti.rnardc. \ .'i i,il. hl.tst is a] plieil mini the coal i^ incandescent The drying 
IS (oiitinui '1 lor .ili-nii r-, hour', afii r uliich the sessel is r^dy for the metal. 
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converter, the otlier and higlier one being used for scrap steel. Arranged in line 
with each converter is a double f hute projecting from the two platforms, down 
which the scrap and lime ran be discharged into the converter before or during 
the blow. *l!y this simple.device, bulb time and labour arc saved in charging 
these materials. 

Arrangement of Cranes—Kadi pair of converters is Served with a jo-ton 
hydiauhe eratio, which ,sit])|iorts the ladle at the end of its jib, into which the 
contents of the convener are poute'd. The ladle of steel is transferred to the 
casting crane direct to the ingot casting pit, around which arc 5-ton hydraulic 
cranes lor the removal of ingot moulds, ingots, etc. Kig. 81 shows a,photograph 
of the l!e.sseincr shop with the central ca.stiiig pit crane. 

• 

Amkricav Be.sskmer Practice 

The development of the llcssemcr process in .AnieXca was very rapid for 
sevi'ral ycais, but the open-lKailli lurnacc appears to have .arrested Us progress. 
In 1875 the total Ste<-I produced in the (fS.A. eijualled r.ppooo tons, 70 per 
cent, ol wliiiliwas llessciiier steel, and less than 5000 tons open-hoartb steel. 
In t8.So the liessenier steel output was t,000,000 tons,and the open-hearth steel 
first exceeded 100,000 tons. In 1907 over 25,000,000 tons of steel were pro¬ 
duced, in about ( (pi.il amoiiiUs of liessenier and open-lie.irtli steel, and in 1911 
the figuics were as follows.—■ 

Hcssi'ini r sli'cl (acid), 7,917,8.(9 tons - of total output 

(tpcii lic.iilh steel (.11 id), 012,718 ,, - 5 .s;", 

,, ,, (i>asir), i.(,6.85,932 ,, 62-2"; 

'labic I,VI sliows the piodiiction of a( 5 (l and basic llesscmi r steel ingots 
during the |ms1 30 compared uitli the open-hearth steel produced during 

the s,uin' pciiod. lies illustratis tin. n l.uire rate of proiliiclion by eai ii 
process, and shows bow the ojieii-li, .utb piocess has taken a firm hold m 
cAmerica. 
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I'K.iM iSSo hi 

I9IO ( o\|i \lsl I) W] 

I H Oil 1 rui oi- Ai ID AND H \sii- 

< >rj' N-Hi \K 1 n 

SirKI INDOIS 

DURlS'i. I ill .^WIF 

• 

I’l Kloii 


j l.h-r j 

IQtO. 

AtitI IJcSsCIlHT 

1 

1.071.26,8 

3.^>11,001 

6 , 4 S}, 77 o 

9 .( 12,772 

llasic ,, . . . 

Ni't « l,l'^^l!k «1 

77 r 7 ^o ' 

• — 


Aciil opcn-lR-niili 

K'0,S5l 

4 - 53.232 

• ^^5 3.044 

i,2r2,i8o 

I?asic . . 

, N’i>t rlah-'ifu'cl 

1 

90,000 

2 - 545 . 091 , , 

15,292,329 


In iSoo.Mlic large.st llcssomor converter m the had a capacity of 

II J tons, and in 1906, iS tons. The rated caiiacities of the average converter 
in the two )ears named wore 6'55 and lo'.tt tons respectively, and the average 
output per ton of rated converter cap.acity was 7103 and 18,934 tons respectively. 
This vast dill'erpnce was due to the accelerated rale of output per converter, 
owing to the introduction of the mixer and better machinery for handling the 
materials. Tor some years prior to 1906, no additional Hessemer pl.ints had 

‘ " lomnal lion and .Sicol Insiuute,” igi2, I, (ip. 48, 49, 

’ “ Electrochemical and .Melaliurgical Industry," vol. v, p. 114. 
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been installed in the States, while all along, open-heartli furnaces were being 
erected. In that year the Youngstown Steel and Tube Co.' built a new Bessemer 
plant, in whirh were embodied the best features of modern practice. 

10 -ton*Converter Plant at Youngstown.—In Tig. Sy is given a plan of the 



above works, on which are indicated the cupola and converter houses with the 
auxiliary plant and buildings. 

Cupolas.—There are 4 cupolas in which the pig non is melted for the con¬ 
verters. The charges are raised to the platform by means of two hoists, each 
of 10 tons cap.icily. Before the car loads of pig iron, fuel, and fluxes are raised, 

' “ Iron .Age," .Aug. 2n(l, 1906. p. 260. 
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they pass over a weighbridge close to the elevators, and a rlierlc is ki |>t on the 
materials used. Kach pair of cupolas lias a runner, along wlncli the metal lions 
into a ladle on a truck wliicli is taken to the converters, I'he .slag from tin- 
cupolas is conveyed down cluites to the floor below into, slag-pan iMis,*ttInch are 
removed when full. Qn the tapping stage are erected the blowers for supplying 
air to the cupol.^s, each blower being separately driien by direct connection wiiii 
an electric motor of 75 h.p. running at 1500 revokilions [icr mmiilc. 

Converters.—'there are a converters, each’of to tons capacity, and arranged 
as shown in Fig. 8y. They arc mounted in iK.‘destals lived to foundations level 
with the casthig floor, and instead of being erected in one line, the converters 
face each other with a 20-ton hydraulic crane between them, which serves both. 
An overhead electric crane of 30 tons capacity is al.so available for use. 

The molten metal from the cupohas is taken to the conveners, and before the 
metal is poured into the converter by means of an eleclric.il tipping device, it is 
weighed on a weighbridge on the plalforni in front of the conveilcr. The charge, 
when ready, is emptied into a ladle su[)i)orled hy a 20 ton hydi.iiihc crane, and 
transferred to the casting crane. 

Bottom and Lining House,—.\ commodious house, 50' x i-’o', is used for 
preparing the refractory materials for making the bottoms and lining materials. 
The shop is equipped with one criishor, two wet grmdin.; pans, and one dry one. 
The converter bottoms are dried in ovens which arc limit in a lean to at each 
end of the building. 


Ger.man 1 ?ks.se.\ier Practice 

Germany leads the world in Ilasii^ Bessemer steel maniilactuie, its production 
is on the increase, and far exceeds the open-hearth furn.ice pioilin turn, as shown 
by the following statistics; -In 1S60, a total of 25,312 nu Inc tons of sli 1 1 were 
produced, whereas m ipii, 14,879,919 ton.s were made, out of which 8,640,164 
tons were from Basic Bessemer converters. In Table l.\'II is shown the 
production of acid and basic Bessemer steel ingots for the past ;o years, com¬ 
pared with the open-hearth steel jiroduced during the same period. 


■fAm-E I.VTI 


OuTi’UT i:)F Acid and Hash HknSpmfk Siii.i. In(.')i»' in (ifRMANV ikiim iS.So to 
1910 ‘tJMPARKD WITH Omi'Ur OP A< ID AND lUslC ()l-p N-Ml A R 1 II .S I 1 M. iNf-ors 
DURING THE SAME Pl KH'D 


tm-. 


Acid Hesscincr . . . 742,000 

Basic , 18.000 

Acid Open-heart li * 

Basic ,, ,, . . . , — 


». 493.*57 


2 2j,06^ 

4,141,S<'>7 

147,Htx) 

1.997,765 


171,108 
S,050,571 
!.;«), 189 
4, 97 .!,569 


Bessemer plants in Germany differ in construction from each other as in 
other countries, but the spirit of progress is fully developed, and constant 
improvements are being introduced in different parts of the auxiliary plant, to 
facilitate economical output. The plant installed a few years ago at the Burbach 
Works, in the Saar district, is typical of the best progress in German Basic 
Bessemer plants. 

’ Journil Iron and Steel Institute,” 1912, I, |,p 48, 49, 
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ii,-ton Converter Plant at Burbach. 

8 eIle^^l Description.—In Fig. 84 and in Plates I and 11 are illustrated the 
a4-ton Basic Bessemer plant ’ designed by E. Widekind of Diisseldorf, and. 



production of steel. 

* liy llic kind permission of the Desij^ncr, and the Editors of “ Stahl und Eisen.” 
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Detail of Hydraulic Value for 
Tilting Converter. 
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1. A JIGS SSSSMJfSX CONVSXrSX PLANTS l6l 

The meUl i« uken direct from the bbst-furnace* in ladles of i8-tons capacity 
DTfbe steam locomotive type, to the mixers, of which there are three, each of 
sio tons capacity. Two are kept in constant operation, being charged and 
mptied alternately. Outside the mixer-house the ladle'of meUl is weighed 
» a mighbridge, after which it is transferred from its carriage by an overhead 
dMtnc crane of 35 tons capacity to the mixer, into which the contents of the 
*mc are poured by an auxiliary tipper on the.same crane. Slags from the 
aixer are jx>ured into a box conveniently placed on pedestals below, and within 
aaiw range, sp that when full it can be lifted and placed for removal on a truck 
m the floor-level. The space under the mixer staging is used for the storage 
>f materials, and also for the various washing and bathing conveniences for the 
^n and stair. From the mixer, the matal is taken to the convcitera in 
ilectncally driven trucks, having ladles of 34 tons capacity. The ladles are also 



(Dimensions in millimetres.) 


el^cally tipped, and all Jhe gearing and motors on the truck and about the 

of <hc ladle-truck, lieforc the metal 
ts poured into the cowvcrter it is weighed on a weighbridge. 

.n 'S of ordinary construction, with 

lubricating arrangement of the trunnions is of special 
® il'^oral allowance of lubricant when the converter 
Fiff Rfi '* "“ ** '‘ h® arrangement is shown in 

™ press 18 oiierated from the trunnion by a-chain drive, which 

S ik'°? ‘‘’e e** ‘"“r “re trunnion bearings at a pressure 

.1.,,^ X, •!! ■ addition to this Sfiecial lubricating appliance. 

•" “P ‘runnion contains a liberal supply of solid'^grease 
to iwvide against any possible failure of the other supply. ^ ® 

-ach converter is tilted in the ordinary way by means of a rack and pinion 


















.'.JHCH /fr.v.Vi'.ViA- C0M'J-.ATJ:A' I'LA.WS i6 ;, 



i 1 ><>. 

lt\ .1 liydtaiiln I he is kept in P’l .u with the pinion hy 

:iiu-ans of a ;;ui‘!c TumI with •^uiuuct.il 1 in. h>clf.iiili- < \!ini!rr :(> iikIics 
'^iiaiiKlcr anil lias a slroki »>l i pj hh lu i^'iviii^ tin* \«ssil niosi m« nl llirongh 
ijlia tlcj^rcts All tin’ nij^ is w t il proti 11* it 1 lu-1 on vi 11< r is opr rati d hy it wans 
^of valves for aiiiinllim; thr Mast and tilting' the i onvi tier. Si-iialiiiv apiuicUus 
to ihf engine honv js aho undr r thr i ointnanrj ot thr operator '! h<- valves arc 
mounted on lh< opi osiir *^1(10 of tlie ronverlrr (o the lipping; i ylindi r and K^ar, 
and in suili .i ])ositi<'n llmi the nuin tn iliaij^e lan sc the lonvcrtir in every 
|K)sition. 

I he atr is adn..tlcl to the douMe-si ati d valve < In st shown in 86, frmn 
the Mast enj^inc mains, and passi s throne'll the trunnion to Ilu wiml liiist at the 
bottom of the convert* r A safi.ty vahi is hxi d on a 'I'-pii ce (forn the liunnion, 
and IS OfK-rated automatnalk Irom lh«- blast valve, il *an he operatid uIm) hy 
hand. A non return valve is fixed on tlie blast mam m front of the blast valve, 
and closes amomatK.-fll) when the latter is shut. I’o smik- '' »h‘' 

pressure on both sides of the mam valve. 

I he blast is supjiheil to the conveiUr j'laiil hy ^ sli am-drivi ti filot < n^me'i, 
having the following capaeitna: 32,000 rubn: feet of air ].ir mmui. at tri ll'S. 
pressure [wr square inch; 32,000 ruhic feet at 30 lbs. j/er S'jnare m< h , and 
21,000 culni feel at 30 lbs. per s'juare ineh, 

Capolu for Spiegeleisen.—'1 wo cupolas for nu king spn gi Icis* n are erected 
close to the converter plant, arid each is capahle of uniting tons in 20 
minutes, or 4105 tons per hour. 'I’he metal from ih* m is tappid min ladles 
mounted on trucks and conveyed to tlie convl'r!el^ mio whnli their rontmts 
•re tipjied by hand gear. 'I he < upolas ar*- Mippln-d with hla.st from a dirct t 
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coupled motor driven blower, delivering 3250 cubic feet of air per minute. A 
non-return valve is fitted on the main pijie. Fig. 87 shows sections of the 
cupolas, and details^of the bricks used for lining. 



On the lime charging stage a furnace is provided for heating ferro-manganese, 
which is conve)ed red-hot to the converters by means of swing pi[)es. 
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'ITk dotomilf and lime used in the eonveilers arc supiilied from oveihcad 
storage hoppers, and eonvercd in trucks from them to the feed liopjH-rs over the 
convettcts. 

« 

» , 




Fi‘.. S8. -1 ) II.1 Tir 

Scrap, ferro-mangancse, and'spiegcl ate elevated to their t. sixtclive platforms 
by means of a ij-lon electric hoist, operated by a i jJ-li p. motor. 

Bricks for lining the converters are raised by an electric travelling winch. 
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Lining of Convertern.—The converters are lined with dolomite bricks made in 
llie dolomite i>lant. l'i>; 76ti> ^S)sho\\b how the courses of brickwork arearranged 
in the converters, and the si/es ol the bricks used are also given. The bricks 
are m.ade in a hydrrfulic press from finely ground and prepared dolomite, of the 
ronsistf ncy tound most suitable for the walls of the coiuerler. 'i'he moulds in 
which the bucks are formed must be of ample dimensions, as the jiressure per 



sipiare inch to which ihc dolomite is subjected is 4500 lbs The bricks are 
ejected from the moulds by a supplementaly ram, which everts a pressure of 
750 lbs per s(|uaie inch. The briiks are dried m suitable kilns before use. 

The dolomite and tar mivture used m the eonvertcr lining is made in a 
machine with a cylmdnral steam-jacketed casing, in which is driven a revolving 
shaft carrying knives which pass between fixed knives in the cylinder. The 
material is fed in at the toji and dis< harged at the bottom of the cylinder into 
trucks. Kig. .'vS shows two views of the machine. 

Converter Bottoms ■ The bottoms are stampied in a press of special 
construction, shown in Fig. 89. Hie casing in which the dolomite is rammed 
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•-f DoloTr,;te P.ar* 
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is placed on the table of the machine which rotates, w bile the rammer, mounted 
on a swin^jing arm over the casing, makes rapid strokes u|)on the mass of 
dolomite scattered over the bottom. To maintain uniformity of pressure and 


- tW ' 



Fill. 91. 'll)flr«ulic Tiuck fir removing an'l repl.icing Coincilei Hultom*. 


equal distribution of strokes over the surface of the bottom, the movement of 
the rammer ami the number of stiokes ]kt revolution of the t.ibic are auto¬ 
matically regulated. Ihc air boles through lire bottom are made by ajo 

needles, inch diameter, which arc caused 

\ to pierce the dolomite gradually during the 
0|X'raliou of ramming, care being taken to 



keep them just below the surface of the dolo¬ 
mite during the operation, to [irevent damage 
to the needles. Whi-n llie bottom IS com¬ 
pleted It IS withdrawn. Tlie time taken by 
this maihine to mould a bottom is from 7 
to 2 }j liours. It IS o|)eialcd by a motor of 
10 to la h.ji. 

The filing of the bottoms is carried out in 
siiecially designed kilns, in each of which 6 
bottoms can be fired at one lime. The arrange- 



Fic.. 92.--Mclliisl uf llislodging In- 
crusisUon Irom Converter lining. 


rnent of iilacing in and reimning the bottoms 
from the furnace is very simple and effective. 
The bottoms are carried to the furnace on 
railway trucks fitted with a hydraulic ram for 
raising and lowering the bottoms as required. 
The bottom is run into the furnace and is 
lowered upon two side supports, a jilate being 
under it to carry the weight. The truck is 
then removed from the furnace until after the 
firing IS done, when it is used for the removal 
of the bottom from the furnace. Fig. 90 


shows arrangement of dolomite plant. 

Fixing Converter Bottoms.—special truck with hydraulic ram, shown in 
Fig. 91, IS used for conveying the bottoms to the converters and raising them 
in position, after which they are fixed to the converter body. The rams are 
17} inches and inches diameter, with a total lift of feet The rams are 
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of»crated by ijower su|>plicii llnongh a flexible hose i'(Mjne< t<‘il wiih the 
hydraulic mains. 

i lus sanu truck is iis< d for dislmimn;; uu rust ili«‘n \vlu« b ;^atl\eis round llic 
irroutir of ibcconvciiir < bi tiu- suiallcr r.nn is h\»d a lumd tiKtd w illi scr.rjuTs, 
or Ictih, which o|KT.ai ou iho hnnu' as shown in 1 14. «>* Mus is done after 
tlje (onvertLf lus lu i ti ciUj ikd .oul wiulc u is still hot 

'I'lic leniosal of tiu* wind chest co\er is tM»M(d by l''\« rs suspt uded foim 
the overluad trawller, hlltd with s{;rtuj*s « n^;aj;!n.: willi tlx* imnks (m the rover. 
'I’ho buriU-out linin;; m ilic hoHom i.s knoik(d out by nu-.ins n( a i.un susjK-ndcd 
from overhea*!, tlie outer ring lu mg cIupjhhI out with pnetiniaiic hammers. 



CHAPTER XVI 


ULOWING ENGINES FOR BESSEMER CONVERTERS 


Bi-Owino ICngines for supplying blast to‘Bessemer converters are of more 
numerous tyires than they were a few years ago. For a considerable period, the 
usual method of producing the necessary blast for the blow was by a double¬ 
cylinder horizontal or vertical steam-blowing engine, and eveh to this day this 
still predominates. In addition to the reciprocating steam-blowing engine there 
are availableGas-driven blowing engines, motor^riven blowing engines, and 
turbo blowers, and the selection of one or other of these is a matter for some 
consideration. With the older plants, the steam for the steam-driven blowing 
engine was, and still is, usually obtained from a steam-boiler plant, the steam 
being generated from ooal fuel in the ordinary way. Of recent years, however, 
the economy of utilising the waste heat from reheating furnaces in the works, by 
means of water-tube boilers, has led in some cases to an alteration in the steam 
generating plant, whilst still retaining the blowing engine in its old form. Again, 
in works where blast furnaces are installed, the utilisation of the blast furnace 
gas has been of economy at the converter plant, where, although the steam- 
driven blowing engine may still be retained, the steam is generated in boilers 
fired by the blast furnace gas. 

In modem works where an entirely new plant has to be installed, or in older 
works where it has been seen that a distinct economy could be obtained by 
discarding their existing steam-driven plant, the blowing engine driven by blast 
furnace gas has made considerable progress. With the advent also of satisfactory 
dectrical plants and the cheap cost of power, the motor-driven converter blower 
is finding favour in works possessing a large electrical generating plant, or where 
cuneift can be purcbasetl cheaply from a supply company or corporation. 

The comparative costs given in the following summaries, are for blowing engines 
of about 4000 h.p. suitable for a converter plant producing say 400,000 tons of 
ingots per annum, and are abstracted from a paper read before the International 
Congress at Diisseldorf, in 19to, by Mr. Mauritz. In each case, the rate of 
depreciation and interest combined has been taken at 6 per cent, for buildings 
and la per cent, for plant and foundations. 'ITie figures are typical only, and 
require verification in each individual case to insure that the costs given of fuel, 
gas, water, electricity, etc., are in keeping with the particular district in which 
the plant is situated or to be installed. 

Steam-drivsB Blowing Xngines (Coal-fired Boilen). —The capital, ez- 
'^nditure for a complete steam^riven blowing engine of about 4000 h.p. with 
co^enser, coal-fired boilers, superheaters and _ economiser, japes, chimney, 
buildings with crane, and foundations, is approximately ;^sa,8oo. The con¬ 
sumption of water for the above plant, on the basis of a steam consumption of 
550 lbs. per ton of ingots jtroduced, is about 1600 gallons jrer ton. Asntming 
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(bat • jJenlifuJ water supply is available, and charging for «-aier at the rate of 
* 55 ^" P®’’ rooo gallons (assuming also that the water is not used over again), the 
following annual running costs are obtained:— 

Cost of plant ;^aj,8oo. * 


llcprecialion and Inlorest. 

Water supply.[ 

Wages, stores, and reiiairs ( ^ri i '668./. jwr ton of ingou) . 
Coal (7 5 evaiwrative power, on the basis of 550 lbs. of 
steam per ton of ingots) a) lor. per ton. 


C 

>450 

*775 

6690 


. Annual cost ,>C<.t.440 


With an annual production of 400,000 tons of steel, the cost of |)owcrperton 

, , It.440 X 30 _ , 

of steel — - 53 8*o6i/, • 

400,000 

In the case of a plant utilising the waste heat from reheating furnaces for 
raising the steam in water luhe boilers, these figures would of necessity have to 
be modified to Ait the jarticular conditions of working. 

Staam-driven Blowing Ingines (Gas fired Boilers)- With plants operating 
with gas-fired boilers,the following maybe taken ns typical figures. The capital 
expenditure for a complete ste.am-<lriven blowing engine of about 4000 h.p. 
without economiser, and assuming that the boilers were in the oi>en air, would 
be approximately ^36,300. Blast furnace gas is assumed to lie charged to the 
boilers at the rate of iJ. per 3370 <ubic (eet of g*s of loi Il.Th.U.’s per 
cubic foot heat value, corrcs|)ondiiiS to coal at lor. jier ton. Annual running 
costs:— 


Cost of plant ^36,300. 

Ucprecialion and interest. . . . . 

Water supjily. . 

Wages, stores, and repairs (m; 1056,/. per ton of ingots) 
Blast furnace gas @ iJ. per 3370 cubic feet .... 

•Annual cost . 


£ 

3000 

' 45 ® 
1690 
6650 


With an annual production of 400,000 tons of btccl, the cost of [>oircr per 
ton of steel = 

400,000 ' 

An illustration of a typical stcam-ririven cross-comjiound steeple type 
wnverter blowing engine, m.anufartured by Messrs, (iailoways. Ltd., Manchester, 
is shown in Plate III, FiJ. 93. This engine is made for a working pressure of 
i»S lbs. per square inch in the high-pressure steam cylinder, and runs at 50 r.p.m. 
delivering 35,000 cubic feet of air per minute at a pressure of ao lbs. jicr square 
inch. 

In Fig. 94 is shown a jihotograph' of a large blowing engine recently 
installed at the Steel Works of Senellc-Maubcuge, France. The engine is of the 
crosfrcoropound horizontal type, the leading [lartii ulars being ; — 

* Kindly bupplied by the makcit, Meurs. & Co., St. Klienne* 








Tig. 9^.—Sitaim-dnTtzt Biowiog Euglae. L«fljLj»e’s. Cross-compound HonronUl Type. 
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llotar4rtmBloiriBf Infiut.— An illuttntiun'ofa aooo b.|x direct current 
converter blower made by the Felten and Guilleaume-lAbroeycrwcrkc A. G., 
Frankfort, Gemuny, and installed at the A. G. I'einer Walrwerk, I’cinc, Hanover, 
ia abown m Plate IV, Fig. 96. The motor can be varied in speed from aa revs, 
(at which speed it gives out 600 h.p.) to 80 revs, jx-r minute. 'Fhc electrical 
supply is taken to the works from a power station at Itsede, 4 miles away, 
at a pressure of 10,000 volts A.t'. ft is converted at tlie Peine works to 
500 volts D.C. From ri-cords taken of the consumption of electricity, it has 
been found that jo k.w. hours are consumed per ton of ingots jxoduced. 
This fiOTte includes the loss in transmission and conversion from A.C. to D.C., 
and it M iwobable tlut the consumption of electricity where no transmission was 
necessary, would lx* aliout 35 k.w. hours (xrr ton. At these works the average 
duration o( the “ blow " is about 13 minutes, and the |)ause between Uie “ blows ” 
from 18 to 24 mimites. During the pause, the motor is kept running light. The 
power consumption (at jJ. jx-r unit) costs 8 j. 61/. per “ blow," and if, \d. 
per fause. The site of the converters is 15 tons. 

‘llic capital cspcndilurc for a complete motor-driven reciprocating blowing 
engine of about 4000 h.p., including continuous current motors, cables, switch¬ 
board, electrical rtrnductors in the power house, overhead crane, huihlings, and 
foundations, is approximately /^tT,ioo. Annual running costs ; - 

Cost of Plant, /i'17,100 


Depreciation and interest.lyoo 

Water supply. 25 

Wages, stores, and repairs (;a) liJ. |XT ton of ingftts) . . 300 

Electricity (25 k.w. hours iK;r*ton of ingots) lu) •i8j'. per 
k.w. hour.7500 

Annual cost . 


With an annual production of 400,000 tons of steel, the cost of [rower per 
9725 X 20 
400,000 


ton of steel ^ 


5'M- 


Toibo Blowera. —Turbo blowers ate coming into use in this brancli of steel 
manufacture, and they have advantages over tlic reciprocating blowing engines 
in that they take up less room and re([uire lest expensive foundations. They 
are not, however, fully dcvcl()|red for use with converter [rlants, but it is [rrobable 
that in the future they will prove to be as economical as the other ty[>cs of 
blowing engines for Ilesscmer plants. 


^ **S(Ah) und Eibei)/’ vul. 2 % July 141!), 19^* 






CHAPTER XVII 


CO-^r OF Mill. FFODIXFI) IS I.IFOF BEFSl'MER 
OOWhlUEFS FOR IXk.OIS 


In ronsKirrin;^ the <‘o‘»l of slrd |)ro(Iu'(.-d in iar^^c ronvcr(<T plants, ihe value 
of llir Ii<|ui<l st( < 1 in the lull< is lak(,n as llir ha^is of uLilion, an<l not the 
cost <)( in^ols It IS not possihl* to ^ivc more llian aj)j)ro\niia(c « O'.ts for both 
acid anil hasu- sietl. ulmh wcnild lx- rrpn-scnt.ilivc ol the j;rncral prai tico at 
home and in otluT iountri<.s. It is thfreforo intcndrd to nivc a general indica¬ 
tion ofiadi Item ol i ost as would l)f found in modi rn works with llie use of 
applianci s wlu-ir a nnnunum of handling by ordinary labour is rcijuired, and 
where plants arc worked to their ma\iimiin lapaiily. In the lirst place, a plant 
with four lo-ton converters will be consuKied, and in the second, one with four 
24-lon cemverti rs. 


Cost or PKoui'cixt; Si'kfi, in lo-roN Hash: Hi s^kmer plant 

Wtin I’UUK C(JN\hKlERS 

Capacity of Plant -W iih four lo ton C<)nvertcrs in regular commission, it is 
only advisalile to count on 3 being in use at the same time, one of the four being 
always under lepair. In each ut the 3 i onveiters, the duration of the blow 
vanes from 10 to 25 minutes (as many as 50 minutes have been taken), or say 
an a\< rage eif 17J minutes, ])ut to this there must be added the lime taken in 
charging the lime and for pouring the metal mto, and the blown metal from, the 
converl<'i, whu li may vary fiom 10 lo 15 minutes. 

WVdduig ' estimates that 40 minutes may he taken for an average heal, but 
even with ibis allowame a converter could Hot be constantly worked at this 
rate owing to the time otcupied in < hanging bottoms. Twenty-four heats per 
converter per 34 hours is found to be a good working out{nU. Larger uut()uls are 
olitaincd, hut the cost ol produciion will be based i^ii 34 heats j>er 34 hours, or 
at the rale of i heat per vessel per hour. 'Phe weekly output, iheretore, with 
10], i 3 -hour shuts per week 

- io\ X T2 X 3 X 10 = 37SJ tons. 

Working 4S weeks |)cr year, the annual output 

= 37^0 X 48 = 181,4 to 

Coat of Plant.—The cost of plant to produce the above output of steel would 
vary considerably accortling to the conditions oT sUe and auxiliary plant used, 
but with all the most modern appliances and facilities for reducing labour to a 

‘ WcUUing, “ Basic Prvs.'fS-s'’ p- 118. 
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mmimum, thc'total cost would he aiti>roxiiUAlely /"go.ooo. 'I'his h^urc includes 
the following ^ — 

I. 'J*wo mixers, ca<h of 5^0 ions cajiaciiy, for u^e as collectors and desul* 
phuriscrs only. 

3. 'I'wo sicam lo4'0 inicks, with ladles of t$ tO!is cajui 

3 One overhead rlecine crane in mixer lion^e. of 30 l<'ns hfrmg c.i|Viciiy, 
with I C'U‘n auviliarv i rah. 

4, fiiur 1C ton converters mminled on jHuhAtals, wuli hydianhc til'ptng 
gear 

5 Two hl«*wmg engiius to Mij*|‘ly suilu Icnl Mast t<) blow two vcnscIs at ihe 
one tmK 

6. 'bwo 3C t»>n h)<lruuhc or eltitncally o|K.*rat«d (tanen (or serving the 
conve^ter^. 

7 One ton overhead eh cine (.idling crane. 

X One Solon overluad clcilric < r.ane for handling the <onveitcrs and 
serving in otiu r directions 

f). I’woNiHeial luakv. with h)dr.dilically 0|*craitd table lains fot leinoving 
convcilei hoitoins. 

10. 'I'wo lor s|>u gt It'iseii. 

11 Two low'inessur'- blowt rs lor « uj'olas. 

1 2. (iru lurna< e lor h< .iling lime and h rro ni.ingaru sr. 

13 One hoi-.t to ( m-ola and luin.Hc staging. 

I \. ( hie hoist to ( onv< rti r staging. 

15. Ail {>i|'ing and valves for cupolas and ( onvi tt« is. 

16. All stagings, -trin tui.d steelwork, ehmiiu ys, etc. 

17. Twti St ts i>f hvilraula pumps, and .let imiulalor. • 

18. ('onvertt r and im\t r huiMing. * 

19 Two weighhritlges. 

JO i>t»am hollers, 3000 h p. 

31 . Ihilornite Iiousc with plant 

32 i'onndfltioiis for huildmgs .md pl.ant. 

blast fuinaccs arc not iiu hided, the t ost of the iron being taki-n delivered at 
ibe mixers. 

Depreciation and Interest on Plant. - .\11 jiarts of a |{< ss. m«T plant, mt lad¬ 
ing the auxiliary m.u Inneiy, (hi not depre< j.it< at tin- same rate- Some Ilessemcr 
plants are now at work whnh wc;re inst.ilhd ovei ^o vtais ago, hut otlier.s 
luve been rci'onslriKttd, or enlarg'tl and modernised Allowing a depieeialion 
of 10 per (ent. on the plant, 5 jx r (int.onthe huihiings, and 3^ pf i <enl.‘in 
the fiaundalions, we liavc the following . • 

/ 

Deprerialion i*n plant, 10 of / no.000 . . . h,ooo 

,, buildings, ^ of / .’o.'-co . . 1,000 

,, foUU^l.jlloM'', 2 \ ' of ry , . 

Interest on capital, 5 of / 90,000 . . I 

'lotal annual < barge for dcjirecialion and inlt-o si • / i 1,7';o 
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LIQUID STEEL 


Rsimattd Working Costs for Ton of Liquid Stool 

COBt of Rop&irs &nd Stores.- "Hie rej^airs on a Jlcsscmer ]}]ant are very 
extensive, and include all the materials and labour expended m pre[>aring the 
material for use m tfie converters, sui h as linings and Ixittoms, the cupola linings 
and ferro-inangantse and lime furnace linings, ladle and cliute linings, etc. 'I'he 
repairs also imlude the materials and labour upon all tlie plant and buildings, 
such as the engines, cranes, trucks, convenors, hoists, |)ermanent-way weighbridges, 
etc., and all staging, structural steelwork, and buildings. 

Stores include all hand-tools, brushes, waste, asbestos, packings, grease, oil, 
and many other luisrellaneous items. 

Repairs to Converters -These repairs im lude the renewal of the linings and 
bottoms. '1 he bottoms are reneweil frcijuently, lasting sometimes <mly 20 heats, 
while 80 heats can be obtained under certain ronilitions. Wedding ‘ slates that 
at Teplit/, lloheniia, win re .rammed dolomite bottoms were Used in which were 
inserted and tuyeres, 80 heals wore obtained before the bottoms required 
renewal; the (omerters had a cap.acity of 6t tons. Using similar bottoms at 
I’ottslowii, I’a , f’ .S .V., only 65 iieals were obtained , these converters were 
10 tons c ap.icily. The dilfereiice ill the number of heats obtained from one 
botloiii may be aciounted for in the kind of material used, as well as in the dif¬ 
ference in the qu.dily of the iron converted, and in llie o|ieration ol the process. 

Converter linings last very imicli longer than the bottoms, to from 6 to 18 
months, but the cost of niuir is very much reduced if suitable handling appa¬ 
ratus is installed for cariying this out. Tlie appliances used at the .North- 
ICastern Steel W oiks, .Middle, slirough (described on ]i. i;’,). are moct eflectual 
in rapidly dealing with the n pairs of the vc s.sels with .1 miniimiiii ol labour. 

Other inaleii.ils used m the repairs of mixers, cupolas, ferro-manganesc and 
lime fuinace, etc., clo not cost so much as those used lor the < otneilers, but, of 
remise, are included in the total, which amounts to apiirosimately 2 j. i)d. [kt 
ton of llipild steel. 

Other repairs to |ilant, including wages and materials on hydraulic, electrical, 
and mechanical plant, also stores such as oil, w.iste, etc., co-t approximately tqd. 
per ton. 

.'. tot.il cost of rejiairs and stores 6,/ t,,n of lic|uitl steel. 

Coflt of Fuel. - Under this item arc- nuludeci c o.d, coke, oil, producer gas, 
wood, and othei fuels used m heating up the conxerters before they are charged 
with molten metal, for melting the sjnegc-leisen in the cupol.is, tor healing the 
lime and ferro-manganese, he.iting nnxc rs, dry ing bultonis in oxciis, and all other 
fuel used for heating purposes about tlie plant. 'I'ho axeiage cost is approxi¬ 
mately 5./ ]»er ton ol lii|uid steel. 

Cost of Labour.—'I'he labour of all men recpiired about the plant is included, 
except the habour already allowed for under “ Kepairs. ' The mnnber of men 
recinired in handling the raw materials is comparatixely lew in a well-eiiuip|ied 
plant. The lollowing list includes most of the men 

The loco men engaged in taking the me tal from the bl.ist furnaces to the 
mixers, and from the nnxeis to the conxerters 

The weighbridge men outside the nnxer and conxerter houses. 

The crane men in nnxer and conxeiler houses. 

The men at the mixers. 

The men at converters, cui>olas, ferro manganese and lime furnace. 

The men employed handling scrap and lime, ferro-alloys, etc., for the cupolas 
and conxerters. 


* Wcdiliiig, “ IkJiK. ProcLSi,” p. 215. 
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Meu rcmoMng slags. 

Blast engine and ^lual] iilo^er attendants, fncnien at boilers, etc., and general 
Ul>ourcrs. 

Foreman. 

'Hr* total avcMce \»ages is appnnimatcly i» i)./ per liquul stetd. 

’Hie rates ul' v'jges s.wy in lijfUTenl euunlrus, luu tin* tolio\Mi>g particulars 
issued rccenth in a Bulkiin ot the .Xuuii'.in .\ssoiiatum of ( oimmTec and 
Trade, Ilcrhn. guing ilu- r.in s of >'a),n s j'aul to nxn t niplo>ed in (In* Itasie Bev 
s<-mcr proitss in (.enu.inv, are int^ u sIihl:, .nul gi\« the wages paid on time or 
day work, and on a toniurge basR. Ihiiish i.ilcs .ir< (roin 10 to ;o p>T rent, 
higher, and .XnRii'.in rates Iroin So to ko per oni Ingln r, than the (ieiinan 
ratvs. 
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Cost of Power.— i In (i-l power eouMinied in gi neraling tin* blast foi tin* 

< onverters is (!*pen(lint in some rnc.isure upon the kind o( linl used. In 
Cliapter X\ I llic prirn 1p.1l pn m nt d.iy large l>p<'s ol blowing engines are eon* 
sidered, am! tin* amount «.( (ml iis<<l p'r ton oj h-junl ste( 1 hy <Meh < lass ol 
engine IS given 1 he use 0} sti.im uigims of l)i>lh the horizontal ainl verliral 
tyj)C is < omiin n, and tin fin 1 rosl for a plant ol the size now being ronsniered, 
when coal is l.^kcn at ico. pi r l<m, about ir I he power«(}rRurin'd by juimps 
and auxiliary apjuratus smli asele«tin' and bydrauiic cram s and hoists is nj)- # 
]»roxtmatcly :i/. per tun. 

.'. total ]H)W<r cost -- 1 r. j//. }-(r Ion of liquid sl< <1 
Cost of Raw Materials. --'J'lie ( osl of raw materials iis< d in tin* rharg<* of the 
basic converter vanes < onsnji rably, .n < <>r<lmg to the « omposiiion o( the basn* pig 
and the final jToduet required, the kind of liuxi s nw d, ibe pro( > ss .uloptc-d, .md 
many other considerations in the working of tin pro< c ss An aj-pranm.iiton, 
on the basis of an average < ost, is all that can be giv'-n, with illustrations o( 
individual examirlcs. 

Material from Blast Furnace to Mixer. 'I he cost of liquid iron as supf>Iied 
to the mixer varies with the j»riies of il.e ores, fuel, ar-d other mat* riaN, which 
fluctuate from time to time. When lli'* native on s m I ux* mhurg and Lorraine 
cost res{)e*( lively 51 ic 7 am] 5). j./ p< r ton, th« pm *• oi |,)g ni/n per ton 
was 42s. 8j*/, and 44^. qj/., -as set forth in tlx l<;]!<.>wing details given by 
Wedding-^: - 

* Id »ome lixaliUcs tlic 8 hour kbat ;i being c<J. ^ \\ i-Mirg, " b.* i-. I e p 1-4. 
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Native ores . . . 

l.UKcmburg. 

. . 5 10 

Lorraine* 
/ J. 

5 

F'oreign ores. . . 

..84 

8 4 

Limestone . . . 

. . - - 

0 I I 

Coke . . . . 

22 0 

=3 6 i 

Wages . . 

• 3 t-i 

3 'i 

.Miscellaneous . . 

• 3 5 

3 '’’i 

Total . . 

, . 42 8 i 

44 9 


At the same tune, in 1882, tlie cost per ton of iron in other districts of 
Germany was as follows :—■ 

Saar district, 47^. itil. ; Westphalia, from 481 jt\.I. to 54;. 2ti. 

For cost of producing Bessemer pig iron in America during 1902-1906, sec 
Table XIV, p. 16. 

Towards the end of the nineteenth ccn'uiry, Jeremiah Head and A. P. Head 
estimated' that the cost of pig iron at Pittsburg, Pa., U,S..\., was _/Ji i2j. 5J,/. 
|)er ton, while at Middleshroiigh it was ^2 I2r. 2 . 1 . ixir ton. Since then, the 
lost of production in the U S.A. has increased considerably, while in Britain 
the price has been reduced. In r898, to [iroduce i ton of pig iron in America 
costI 191 , and in 1908,^2 i 3 i. 4^/. 'Pile increase in .American costs is 
due to several causes, nauu ly, ore having to he obtained from a greater depth, 
higher wages, increased cost of fuel, limestone, and transit. 

From the foregoing it will be evident that the price [kt ton of licjuid iron 
varies in ditVerent loilntries at the same and different periods. The figure of 
50r. per ton is therefore t.aken as an avei'age apiirosiinalion. 

Other Materials.—The amount of lime used per ton of steel varies from 10 
to 20 per cent. Taking 15 per cent as an average —that is, 336 lbs. per ton—the 
cost |)er ton of steel, with lime at igf ]ier ton = 2J. iJ. approximately. 

Kerro-manganese and spiegel for ingot iron cost approximately n. Oil [ler 
ton of steel. 

Other iniscellaneous materials sui h as aluminium, ferro-silicon, etc. = OJ. [H;r 
ton. 


Summary of Costs 

Cost of Plant, ;,C90,ooo. 

Depreciation and interest. 

Repairs and stores . . . 

Fuel ... . . . . 

1 aboiir . 

Power. 

lame ... .... 

Ferro-mang.iiiese, siuegel, etc. . . 

I'lg iron (liquid from blast furn.ace) . . 

General exiienses .... 


£ t- J. 

o 1 3I, 

o 3 6 

005 
o 1 9 

o I 2 

o 2 1 

0 2 0 

2 10 0 

009 


Cost per ton of liquid steel.3 

Plus 15% loss of iron during conversion . o 


> 11 

o’ 


Total cost of iiroduction. 3 'o .li 

Dess value of slag . . .... 036 

Total net cost |K*r ton of liquid steel . . ^,'3 6 iij 


* ■■ Knj;uK'cr,” ?ol. ck 11, p 471 









COST OF BESSEMER STEEI. FOR iSGOTS I Si 

The folio* iiig »re given u comieiritive costs;— 


Co«t of Converting: Basic Iron to Steel in Germany' 


X. 

J. 1 


X 

/. 

J. 

Kcrro-mani’.incsc or 1 . . o 

3 7 

to 

0 

. 5 
•» 

4 

Waal'S ti 



0 

a 

^Uam » iial 

(■' 10 


C' 

1 

\ 

( UJ-jI.! I ok( 

1 


t) 

4 

0 

Moulds . 0 

0 J i) 


0 

1 

-ii 

l.tmc t iiar^c o 

(■' t 


0 

3 

7 

liasjo lininj; • • . 

“5 


c 

I 

3 

kfjairs 

3 1 


0 


4 i 

Inter* and vmkinK lund ( i i 

I c\ 


<.> 

1 


Misct llancous .1 


0 

5 

0 

.... y 1 

-0 


/I 

11 


rnllin^ tlif j-rirt‘ of (m;: irt'ii .at t*' 



1 

1 

■S 

1 ...i,..i 

( 0^1 (it ( t>n>( rsion at 



\ 

(1 

1 

i 

4 

<hu- fitn of iii^jol iron <o.^ls . . 


J \ 

9 

.1 

Will) non at ^ 



1 

1 5 

10 

I OSS at 

( ust of ron\< iMon at 



0 

1 

S 

I 1 


One ton of ingot*iron rosis 


/ i 

1 0 

Hi 

Cost of Converting Basic Iron to Steel at Charleroi, Belgium 

Plant of three 

10 ton convertors. Output 450 tons in J 24 hours 



Mel.il direct from hlact liirii.Ke to nnui rli rs. 



/ 



Waste of pig iron, d_;o to ) )■) llis p. r ton 



0 

H 

4 

Coal, 3to to 3(j.( 11 ,s. 

Coke, 2<H to on His. 



(; 

I 

0 

li 

ti 

Iioloinite, m to I tJ llis 



(.) 

i 

ti 

l.imc, 3'i6 to 419 Ills. . 



tj 

0 

\\ 

Coal tar, 11 to 11 Ihs 




0 

4 

Refractory materials 



0 

0 

0 

Plumbago 

Miscellaneous exjteiis, s and repairs 




0 

I 

ii 

'4 

1 

Handling wagons and swiKliiiig 



0 

f) 

Wages 




I 

7 

Cciieial ox|>enscs . * 



0 

0 

t 

Sinking Fund . . 



0 

0 

s 

Ferro-manganese, ti to it lbs. . . 



f> 

» 

a 4 

'lolal . 


0 

.H 

.'1 

Deduct value of slag 



0 


ti 


Cost of conversion o 15 lo 

Add cost of pig iron. . j i 7 


Total net cost per ton of Injuid steel y 2 17 5 

* Weeding, “ Basic Broccsi,” je 185. * “ Kevue Univcrselle dcs Miner," rot. iv, jij, j-i6. 
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LIQUID STEEL 


I'Mimati.i) of I'lionrriNr. Stfri, in 24-TON Basic 
BK'isKMKH, I’l.ANT wmi FkUR Co.NVKKTKKS 

Capacity of Plant.—Making allowances for tlic necessary delays in changing 
boltonis, pairhing and renewing linings, and general repairs, the maximum out¬ 
put of three 24-1011 converters in constant o])eration during 24 hours is approxi¬ 
mately 20C0 tons,' or eijual to over |i heats per 12-hour shift from three vessels. 
'I'his is above the average proportional output from some smaller plants. Take, 
for instanic, the- out].ut from three lo-lon basic converters at the works of the 
North-Kastein Steel (.'o, Middlesbrough, ttlin li is a good average case, and is 
given* as 44 beats per shift of 12 bouts, or approximately 17 per cent, less 
than the number of he.its from the .’.(-ton converter (dant. 

'I'lie wetkly out|)Ut of the 2 ( ton (ilant considered in the follouing costs is 
calculated on the basis of 10,^ shifts of 1,2 hours, and is equal to lo.J X 1000 
= to,500 tons. Taking 48 weeks per year, the annual out[mt = 48 x 10,500 
— 504,000 tons, say 500,000 tons per (ear. 

Coat of Plant. --’Ihc capital expeiulitnre on jilant and buddings for the pro- 
dutlion of the above output is somewhat ditlii ult to estimate without having all 
the conditions of site and locality in view. The foundations for such a plant 
may be twice as riuu h on one site as on another, according to the nature of the 
soil. The cost of the (daiit and buildings are more easily determined, and from 
details of i osts in our possession we are in a jiosition to make the approximate 
estimate of _/^.’oo,oo(s, which may he taki n as reliable. 'I'his price includes the 
following plant d< livered, erected, and rp.idy for use : — 

I. Three mixers, each ot 450 tons < .qiai ity. 

3. Three lo( o l.idle trucks, of 20 tons ia|sicity, for conve)ing metal from 
blast furnaces to mixers. 

3. Two (0 ton overhead electric travelling cranes, m mixer building, with 
auxiliary tipping eiiuipment. 

4. Two 25-lon electrually tqiped and operated ladle truiks, for conveying 
charge of molten iron lioin the mixers to the converters. 

5. Two weighbridges, for recording the weight ol iron received from the 
blast furnaces at the mixer house, and the metal from the mixers before delivery 
to the converters. 

6. hour 24-ton converters, eac h mounted on pedestals, with hydraulic tipping 
gear atid comiilete blast and other valve eepiiiiment. 

7. Two steam-driven blowing engines of 4000 h p. each, complete with con¬ 
densers, boilers, suiierheaters, eionoimser, ]ii]>es, chimney, crane, and buildings. 

,8. Two electrically oiierated tilting ladles of 25 tons ca|>acity, for taking the 
steel from the convertcis to the casting (uts. 

9. One 35-ton overhead electric tiavelling cram for serving the converters. 

10. Two trucks with s|)ocial hjdraiihcally operated tops, usvd for taking the 
bottoms from converters. 

II. Six slag (xiii skqis mounted on trucks, for conveying slag from converters 
to the sl.ig mill. 

12. I'vvo cupolas for melting spicgeleisen. 

13. One low pressure blower for cupolas. 

14. riiree tipping ladles on tnicks, each of 2 tons capacity, for removing 
melted s|iiegel to converters. 

15. One ferro-manganese and lime furnace. 

' This h.x3 Ix-i-n cenfuinexl by a piivalL- authority. 
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16. I'wo hosst** 10 cu|K)Ia 

17. All niiin^s for cot)\irtors and ruj>olas, I'lpinj;, valvi s, appliances, 

ICK;U, convex ors, cU'. 

18. IwoM-isof h)Jj.ujhc pumps wuh accumulalor, lot iuppl)in^ the con- 
xctlirs, tnjeVs. .uxd all .n| phanci-s undei \xaier pressure ahoift the planL 

K) lUnltl’u^s for I ofu< rk-r, mixer, and dolomite plants. 

;o. \!I crushing, grindmc, and iliying j.l.inl for dolomite sluij). 

:i All foundations for hinldings and plant. 

3,*. MiMclUncous Items of j'l.int. 

Hlast furn.accs are n-'t mi lud.ed in tins < ost, 

Deprecution and Inlereat on Plant, Alloumg the same i.it<* of ileprenation 
as m ih' smadci j-lanl, naim lv, 10 ]*c r cent on plant, 5 p<. r icnt. on huildings, 
and }Hr c< lU. on loiindaiions, l«>gelhcr \xiih 5 p< r »enl. interest on the 
total (Upita! oi;ila\. the lolhuxuii; annual » liarge is made on this :u count 

• L 

1 )ej i"« laliMii on pi ml 10 o| i jo.ooo 1 ;.ooo 

l>ui!ding> and striu uir d ^ nl / s.\o<',. .\soo 

l<'i::id.iltons o( / jo/ o ■ c;oo 

Intiiest on i^pital ; >1 > .'00, -o ii>,ooo 

1 otal .inmi.il « h.iiu* lor d* pri( i.itiun and intei< st /,-o.,,>,so 

Cl'.ar..i for dei leciation and interest j)ei ton of Inpiul steel 

.’^>.0 . ' y 
Soo,< oO 

Working: Costa per Ton of Liquid*3to(;I. 

of a I.oje plant ar< snmlir, altli'>ngii did'i 
one W hi n it is rc ni'Uihcri d that tons < 
as ic tons, lh< l.ihour inxolxcd p. t t'Ui of a* 

(\<-n wlun the fao pl.mts .ir< <ijuiiq*'d •>' 
hri!i,;ing tl’.<‘ rn u 
plant, one man < an 


t \ 


o',/ 


’i'he items of Cost in the working 
nt in aiMoiini, to those oi a small 
if stt« I ( an 1)1 1 < >ti \ 11 1 ' (1 .1' Mpidly 
I 1 pro<lu« rd IS xeiy gr< ally u diK'ed, 
nil till- same handhru; ilevues for 
to an<l Iroin tin- (oii\crl<r plant in .1 uell nianagiMl 
Ml'' .1 lO'-'lon < irim as < asily :i> inU' ol 10 tons lilting 
eapa* ity, and like r< suits are olit.iim d with iHe other iu a\ icr handling .appliances 
xxheie th'* duplxalion of the human « h'm'nt r. iiiine< 4 -ssary I xk.i l.ihom, 
howevir, is icjuir'd in op. rating additional m.K limes m lie prop.ir.ition .old 
handling ol mat'rials for llu rep.iiis ol ss'K, »to , Inil n'.»l 111 the ratio of 
34 ; 10. 

We arc mil m possession of iju* nrluil details of e 4 )st »;!' oper.iimg .1 i plon 
convert' r plant, l>iit h.n«, «)n good anihonly, ih.it tie- eonv< rsum < osts are from 
8 » loro; per ton of st* < 1 j-r-nliu ed, nu Imling tie-following it'ms: - 

I. All r.jfairs to f'mvi it. rs, eujiol.imi\«-is, and auxiliary plant, iiichuling 
the j)ro[)aratt()ii ol tin* l>Asie maienals hir the hnings .ind hollornH (»f <'in¬ 
verters, linings and repairs of ujpolas and unx'-rs, furn.ic . and ladl« s, MMiha- 
mcgil, hyilrauhe, and slcelncal r'-p.iirs to j)Iant, and ail striuturai aii'l other 
inisccllaneous repairs m < onii'.riion with the rnaml' iianf .ind (q»‘radon of 
the plant. .Ml stores are likewise included. 

3 . All fuel t 4 >r healing purpos's, sur h as coal, eok'-, prodn' cr gas, 4/1I, wood, 
and other fuels useil in heating the eonveitcrs and mixi r^, furn.itrs for roasting 
and ovens f»)r drying the refract'ny rnat'-rials, and aii oilx r (uels us'<l in .iid 
of steel production. The amount of fuel used (or the e jnirpos«-s is h-ss {x.-r ton 
of steel produced than in llic'small plants, as the ouijaii <>f st' * 1 is ho much 
greater dunng the {x.tick 1 in which the pl.ant is k'-pl in consl.inl iq- lati'ui 

3. labour includes all wages and a jfereLiilage of s.ilaries In oja.-ralmg .1 
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24-ton plant, the labour costs are from 30 to 50 |)cr cent, less per ton than that 
of a 10 ton plant. 

4. All ])<>w( r used in generating the Mast for converters, cui'olas and mixers, 
hydraulic pumps, electric trranes, conveyrjrs, hoists, steam and electric ladle 
trucks, tipping devnes, etc. '1 he principal item of |X)wer is that of generating 
the blast for'lln- totiviiters, and may be taken at approximately bd. to <)J. per 
ton of steel produced, acrording to the type of engine ein]iloyed. 

5. All raw materials siicli as lime, fluorspar, ore, scale, and scrap, also the 
additions made to charge in the form of ferro-manganese', siiicgcleisen, etc. 

fi. Depreciation and interest on jilant, to which reference has already been 
made. 

'I'aking, till ri fore, the figure of yr. (id. for the tr.insforniation cost per ton of 
liquid stiel, the following summary represents the total cost per ton of steel:— 

. Summary of Costs 

Cost of riant _/y2oo,ooo. ' 

I )i prc( lation and interest .... 

Itepairs and stores . . . 

fuel. 

l.ahoui . . . . 1 ’ ’ 

Towir . 

Raw materials (other than pig non) ; 

Pig iron (liquiil from blast furnace) . . . 

i 

Cost per ton of liiinid steel, . . 

Plus 15",, loss ol iron during roiuersion 

'I'lilal cost ol prodiictinn. 

1 .ess wilue ol sl.ig. 

Total net cost [ler ton of liquid steel . . 3 


L r. J. 

o I) 6 

2 10 O 

219 (1 

076 

.t 7 o 
036 


6 






CHAPTPR XVIIl 

('/' j-'Mi'ioy.'i' .ixn .ix.u )-^rs axd 

or t’Koinu-i) ix iux.sj-.mJ'Ia r/.Axrx 

.\ (■ 11 )-i, INk 1 ) C11N I . k ri; K s 

In llic rotu*r-«'on nf ni<-!l(n iron to '.led in lh<‘ ;uni jitoit-ss, it nrrrs.sary 
to solc< t 1*1^' nont wfudi !u\r suilx i'nl In.il L:i\m^ clciiuhls to |iroi!urc iho 
ne<cs‘'.iiv ( h< mu .il ri..i» tioni ilutin^ l!u: as no < xlprnal hrat i.s added to 

the initial l.«at «»! tlirio-n. In Tai-l*’ Vlll, p. i t, typnal anal) Ht s of several 
brands «>( r-^vsinur pi^ irons aie "ln<h "dl prodiue singly or when 

muc<I tcyetluT, sali'lai for) i<suits m ihe aiidliiKd <on\ett«r I he analyses 
arc onU l\pH d, as many liundre<ls of brands of p;^ non • xisl ulmh are suilahio 
for the ] i<a(ss, alihoiij^h llu v ina) \ary to some deprt*- m ru ral analysis. 
The pimeipal hcalj^i\ing cl< nunts an the non are <arbon, silieon, and 
inangaiu s<, Imi as llu sjbi (»n and manpaiv s*- are oxidise i| ilmiii}' the first jx riod 
of tlie b!ei\s while tiif i( MijK rainre is low, n js m«<ss.,ty tiial suifirrent of these 
clem* Ills are pres« nt to allow of the (»inpe ratnre J ise to eneoiirafiie llur <ixidaliun 
of the lartxai uittmnt mnhi‘ l«issol non. |’i^' iron ran lu usetl with sati.sfa('tory 
results und« r reitain (ondilions, wlun <onlaminp' si!i(<in xaiym^ from o'75 to 
4'o JKT edit, and manianese from 40 to 05 per '1 Ins shows tile 

ih’xibihix id the process whieh admits of syr h wide vaiialion rn the analy'tcs 
of the mat*. riaN nv <1, 

.^s {'hosjihorus and sulphur are not oxidi.s<d in the acid j<roe<.ss, it is 
ncfcssary to avoid using materials fontammg ja rc eiitages of thise tlemcnls in 
greater proportion than * an be tolerated witiioiu mterti nnp with the ductility 
of the finished pre/duc i. I )un!)g tin* prexu-ss of cum* rsion, from 7 to <; p« r < eiit. of 
xiastc takes place, whit h lends to *inc rease rather than dimmish the amount of 
phosphorus and sulj'hur in tlic eharj^e. 

'J he prnu ijial ditterciu e in llu; .i< id and basic prorc sses lu s m tlie fact that 
phosphoric pig irons c an be used only m the latte r proc c ss Am plu^sphoru. iron 
ores arc more abundant liirfnighoul the world than non-j.liosphorle jrcxi ores, the 
basic process has b< cn of more serxire to countru s h as (■< rmany and J'lance, 
where the ores roni.nn large; j>erc'entag« s cjf pbosj.hcnus. 

The molten pig iron used in tlu; aeid as in the basic coinerter, is taken c'lther 
direct from the blast furnace to tlu; converter, or to tlu- mix'-r l"r desuljihunsa- 
lion, and thence to the convertejr. In some works tlu; old j<ractKe c-| reniellmg 
different brands of j»ig iron in cupolas and taking tb*- nu ial licun tiu'(ujH>Ia to 
the converter is still adopted. In any case tlu- rt< r is usually healed very 

well with coke fanned with a gc.ntle bla>t before the inclal is poured into tlie 
converter. 

Um8 of Acid Bessemer Steel.- .'^tcel made; from the ac-id ItcKsemcr process is 
now used for almost every jiurixjsc for which oix-m-hearlh steel is employed 
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(secTable XCl, Chapter XXXVI). Prejudice only has set limitations upon the 
process which are gradually being removed. The early experiences with steel 
manufactured in the Hessemer converter caused much opixrsition to its liberal use. 
Composition of Charges.— 

Charge /. /.ere d/<//r;'<r/;i're. 

The following details ' of a heat which, though m.ade on November i jt!!, 1879, 
at the llethlehem .Steel Works, tl.S .\., is in many respects like an aserage British 
charge. The molten pig iron used 1 ontained the following : C, 3 56 |)er cent.; 
Si, 2-,^9 per cent ; .\ln, 0 19 per (ent. ; 1 ’, o eSy |ier r ent. Several brands of pig 
irons (made in ditlerent blast furnaces from a variety of iron ores in which were 
included limoiiite, red and brown hematite, magnetite, and specular ) were remelted 
ill a cupola to iiiaki' up the charge for the converter. The spiegel was melted in 
furnaces and added to the charge in the converter. 

Weight of charge— , 

Molten metal in ladle.16,000 lbs. 

St rap (bloom elids, etc ) . . . .Soo ,, 

Sjtiegel (16'’,', .Mil) . . . 2,oocS ,, 

Kerro-iiiangaiiese (j6'’., Mni . .|o ,, 

'Total (barge ill convener . . . i.S,.v |o lbs. 

Weight of steel prodiu'ed — 

Ingots . . 16,7:0 lbs 

C.lstnigs* ... . . .jSo ,, 

Scrap. * ... 300 „ 

Total. 17,500 lbs. 

I.oss of metal by conver.sion 7 11 

C Si .Mn P 

Analysis of pig iron •5511 : Pi o pi 0 0.S9 per cent. 

,, s( tap o.’bj 0117 ra.'t) ,. 

.. , steel )>iodncetl 0 567 006 i 175 00897 n 

Time taken . .18 niinnles. 

Pressure jHir square mcli . . -■Sj to 33J lbs. 

Clun:’i II 

'Tbc following is a typical .\meiioan charge as carried out at the Illinois 
Steel Com|un)’s Works, ( Imago, producing rail stc^el — 


tVciglit of molleii met.1l charged to converter 2',.600 H'S. 

Steel scrap added before the blow , . . 1,000 , 

Steam used lor cooling charge, eriuivaleiit to > 

steel scrap . . .1 " 

Sl'iegel. 2,500 „ 

C Si Mn P S 

Analysis of pig iron 3-10 098 o',|o 010 006 percent 

„ scrap o'36 o'oS 6i)i o'10 008 ,. 

„ „ steel produced o'45 0 03S 115 0109 0 059 ,, 


' “ Triiisactiooi Ainrncan lust. o( .'lining Engineers," voL 9, p 259. 
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Time taken. <t mins. 30 secs. 

PrcS'-ure !hs. jh.*i sijuAre inch. 

Manv in-He thar^e*. «"uM be nivei^, but there is little variety in them 
except in ilu* eoini'.'sUion o\ addiliuns nude, de]*ending u|i()n the tpulity o( the 
steel rc'iuires]. 


it\sU‘-lJ\nt t iiN\ 1 KTl Ks 

(“ontraiy to th(‘ piactiec itv ihe aeid pro( ess, j)n; non with n low siliccm 
content .nul Inch 111 j hosj'htknis is found most smt.tlile tor the l*abie process. 
Siheon, tin* v.iln.ihle iK.ilcuini; .ii:ent in the a( it! process, is lejilaccd Iry 
inancaium l.ocer pr<*i>oriu)ns in the b.isK non. A < onsu!*-r.d>le range m 
the jx rt < nl.ic i hnsplioius and mani^.ane‘'e in b.isie iron ih .uhnissible, while 
the siiu-*n uwM l e k< pi is low .is possiMc l’iios|Jjorn irons v.iry considerably 
in analv't s ui diiit r< nt i ounii n s. \s s^jown in I .ible \’ 11 , p i 

In (h nn.in), w !k I' inon strel is in.uuil.K tnn d by the b.isie j>ro(e.ss than 
tls« where, the i,,ih\i non on s foourlhe pi-MliK (ion <•( the most suitalilc pig 
iron lor lie piic^ss. l,i p.i'tain, Imm* iron is not so < .isily poKhnid. it lieing 
netess.iry to :mj "tl htn un in.nv''*'’ "‘di I’.ngbsli oies before the 

pig iron tan b- nud- sn!la i. ntly Ingli in pimspljorus and manganese for the 
«.niinary l .isk j ro<«S' This puts Ihilam at a dis-nhantagc* with lier (hmtmenlal 
rivals in maknu' "!'«I by tins pro< c ss. InAiiuina. tin b.isn ll<-ssemer process 
IS not Us. d at ill, the. or. s I eing unsuitable on a< * ount o| ibe insulheiency of 
pliosj honis eont mu d in them. ^ 

Uses of Basic Bessemer Steel ! yr many years stei l pioduer-d cither by the 
Hasu: Ih SSI nu r or Hasu Opcn-lu.utli pioeessis did not liiid favour in ibis 
countr) ( he unsuitahihly ol tlu native on s, the itregularily of tin* < umpOMlion 
of tb'* pu in'n pro<hj< < <l tlu refroin, .md ih. mu < rlainly of the results obtained 
from ti.' Iiiin.i< es, tohl against tlie adoption ol li.isu- st. e) for bndg<-», ships, 
railro.id', and ni.ol kinds of siru tin.il work b.v. n alter liasie opcn-lu artli steel 
was a' <s pti <1 by m.uiv usrrs and t ngiiu t rs, < list rust in the n suits fiom tlie b.isie 
jU-ssenier relan!. li th« d.-v. lopnienl <>f tlu latl« r ilu- variable results obtained 
were traced to the v. ml of r-gular . ontroT of the jrhosphorus ihiougiiout the 
pio. ms. Imjirovements m the nu thods o| t!u\mg hav« made it possible to 
olitain mort n iia!)!c s(. < 1, witli the k suit ih.ii the nu lease m its mamif.n lure ha.s 
been Very ( oiisuKrable during re<-ent >ear,s. 

In (iirmany, where the largest amount of b.asie ik:sseinrr steel is made, 
8,0^0,571 riu‘tru tons w.re produ/ ed in ipio.' 

Site! for all kinds of {>urposes, some of whuh was foimcrly pro<luee(l liy the 
< rufible pro*' .ss only, .s now made regularlv hv tlu- basu ))■ ssem. r pr.x ess. 'The 
following are some of the us* s. Rails, lyr<-s, axh s, hoih r and shij» plates, tin 
plates, girders and ail kmds of hrulge and striutural s(<iir»ns, wir*, holts, 
locoinoiivc and other kinds of boil' r lubes, rolhd tubes and hirgings of every 
dcscrij.tion. 

Composition of Charges, -'rbc rharg. s of the b.isie I’ess* nu r * onsisl of 
liquid iron taken from tiic mixer direct to the converter or from the eujiola 
after the pig iron fr<)in the I)last furna<. has lue n r-.-melied e 'fable \'II, 
p. 13 , for analyses of various pig irons, .\ccording to Wedding, the best pig 
iron for the basic process is mad'* at Ilside, (ierinany, and lias the following 
analysis :— 

Phosphorus, ^ jkt cent. ; m*angancsc, over 2 per rr-nU ; silicon, o‘5 {Ktr cent. ; 
sulphur, less than 0 i |>cr r< nt. 

* “Mineral Inluiif), 1911, j- 429. 
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Scmp $t«el is s(w>edmet mixed with the ct^e of pig iron, either in the cupoU 
daring re-nteldng, or in the converter while the blow is proceeding. The 
proportion of scrap steel to pig iron rarely exceeds to to 15 per cent. 

With each charge of pig iron, considerable additions of lime are necessary. 
In the early years of the process the only fluxing agent used was lime, and as 
a rule it was charged into the converter red-hot before the liipiid iron was 
poured in. During later years, lime was added in varying amounts at different 
Stases of the blow, and more recently, lime with oxides of iron in different forms 
and amounts, has been used with success. 

The following charges and analyses give an idea of the raw materials employed 
in, and the products obtained from, basic Bessemer converters. 

(i) The table of charges, analyses, and tests given on p. 188, is prepared from 
the results of some of the earliest work done in basic-lined converters at 
Witkowiu, in Austria.* 

(a) At Teplitz, in Bohemia, charges of the following compositions were 
usedt- 

• 

Pig iron ... 6-5 tons. 

Lime .... 1870 lbs., added before the iroti. 

Steel ecrap . . 800 to 1600 lbs., added during the blow. 

To the blown metal was added physics given in the following tabic against the 
grade of steel named;— 


TABLE LX 

I’llVSICS AI>1)KI> TO Lhaxi'.ks AT Tsri.ift 


KM of 

Phyaks S4i4«). 

Parctauge of wsigtti of ckstt^w. 

1 .S^C«lci*en, laMa. 

i''riro'tnaitfan«i«,7>>% Mti 

1 Wtiltfi iron. 

1 

I 

Softest ^sdei of mild steel . 

1 % 

05 % 

MM 

RaU steel.... 

7% 


— 

Sloel castings. 

3% 

0-5 

4% 


The physics are added red-hot and solid, spiegel and white iron to the 
converter, and ferro manganese to the ladle. 

(j) Charges where lime is added in two operations. 

At several German works a mt>ditication of the ordinary method of adding 
all the lime at the commencement of the blow was used with great success for 
many years. In 1886, Professor C. Scheibler’ introduced it at Horde, Kuhrort, 
and Meiderich in Westphali^ At the Phoenix Works, the lime used for a 1 a-ton 
charge was reduced from I'o ton to i'j 8 ton, or nearly 33 f>er cent, less than the 
amount formerly used. The total lime used is added in two [wrlions, } before 
charging the metal (the slag formed being poured off after blowirrg 3 to 4 minutes) 
and the rest of the lime added during the after-blow. 

From the 12-ton charge of metal used at the Pheenix Works, when the whole 
of the lime was added at one time, the average weight of slag produced per lo's 
tOM of ingots was ry tons, containing 15 per cent of phosphoric acid, the slag 
bet^ valued at per ton. By adding the lime in two portions, the total 
weight of slag is redur^, but its value is increased. 

* '* Jounu} Iron ukl 5i««l Institute/' 11, p. 397* 

* ^SuiU and I^seOf*' 1S94, p. 1097. 
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'ITic following analysts of llit ist and and slags, with their values, are 
interesting;— 


T.MIl !■: I XI 

AtUYWi 111 Si O.s, I'liO-MN WoKKS 


: I’.M n l,,tjl 

t < J 

n 7a> a i 7v 317 30 <, it , 13 3 ( . 1 s 3 

1^115 hkii) jii 30.’ t(j 2 'i 12 ' la 

a.V- ^ i o I, 

« 

'I'lu: '•aving jK-r ton of ingots is sunmied uii thus - 

I .lint saved, 0051 ton k in [ht ton .... Oyaitint 
I tiininislitd waste, 0 00 ).S ton a Ooi ton 3 (O 

Itnprcned value of sl.ig . . ■■75''.. 

. Tot.d per ton of ingots . •1771 „ 

(4) ’rile following eharge and .nialysi j of steel prodiu ed .It the Kladno Works, 
Hohenna, are givi n h) Mi (’ .Stoi kl'. 


I’lg iron. .I a tons. 

S<:ta|i ... . . . . 1 t,,n. 

Additions to ronverler . . I'Vrio-innngaiiesi-iSo ',Mii) . 00 to i jo Ihs 

Additions to ladle . Spiegel (10’„Mn) . . aijo II s. 


The amount of lime use il is not given by Mr SiockI, hut Wtdding gives the 
following lor a 6-ton i barge at the Kl.idno Woiks, ; e. aoco llo. of linie, nnved 
with 300 to 360 lbs. of ro.d. 

'I'hc steel produced from live successive charges give the following |)er- 
centage anaijses. 


C ub'>n 

M iiii; lilt se * 



0 07 

0 I07 


0 04; 

0 08 

0 -m; 


0 0^7 

o'oS 

O' 1 26 

• 

0023 

o'o7 

0 ‘ 22 '.) 


0051 

O'O.S 

014.1 


0 01S 


(s) High silicon phosphoric pig iron charges. 

.■\s the result of suggestions from Hr. O. .Massenev of Wieshadon, regarding 
the use of ordinarv ( levelnnd pig iron in the basic converter, Mr .\rthur 
Windsor Richards•''made several tri.ils at the works of Messrs lioickow, 
Vaughan and Co, l.ld , winch met with siici ess, and proved that Cleveland 
grey pig iron could he used economicall). 'I'lie iron contained— 

* '* journ.vt It, Ml .in.l Mtwl Inslimic,'’ I.Sfio, I. p 3:3. 

* Dt.i, I'Kv;, I, p. 100 . 


I >I sl,,g . 

311 1 Sl.ig . 

i ul.tl 





CHARGES, AXALYSES, AAD CSSS Or /iESSE.WER STEE/. \qi 


Silicon. 1 5 Ui 3 ®o 

Mangancv ... o’s 075 

riuwphorns i . j 

Sulj'hur . . . . . o of» 

InslcaJ of placing large qu.mtUJcs t^f Inne in ilu toiiM iicr ln-U^rc ihe metal 
was charged, aj» is the iisu.il practice uhen ingh manganese l«asi< iron is used, 
iron ojiules mixed uith a small percentage e>l‘ lime were suhstituted. Hy this 
means a sufhcientK t!u;»! slag w.is formed in the lust part ol thi‘ Mow hy the 
oxidation of the >iheon whieh eoiild !)e poured otl a-> soon as the eailioii llame 
apjvared. I’lie conii>i>siiion of tlie first ''lag was - 

Iron, 3 ; silica. 35 to 45 , pho'.phoius, nil. 

The final slag ga\e the following analysis- 

Iron, H to 11 per cent . [liiospluirie ai id, i | to :■> per < enl. (9^ to loo jkt 
e'cnl. soluMe m loi-^reent sedulion ol < iijic acid iif watei >, silna, u to la j»cr 
cent. • 

Mr. Richards sl.iles lliat enoimous economns li.nl h< < 0 clff < ted ehinng the 
eighteen months lu‘ had lo-d his pro* < at .Nlessis. Iloh kuw, Wiuglian .\ ( o., 
I-til I h< l<)ss jlffnng the blow a\> rag(*l 1.’^ jn-r emt Ihe non ore used as 
oxk!«- )ieK!< (l m arly all its nun to th<* • liarg«' ol s(< el. 

\\ Inlc ^lr Kn li.uds found liigh siliee)n j*liosphoii« basu non suitable when 
used in th( hasu e.piUMler as dt v iihenl, Or Arthur ('oopei ' of tlie Noilh* 
!‘Iasl»-ni Si< el \^ «iiks eiul not nx et witli the same sn, i , ss 

(0) Rriijue tie s ol iron ovules in < barges (I )ndi lange pro* ' ss) 

Mr j. I i<»hr,* at I )ue’(Iehngcr \\’oiks, intiodiudl wnii sueerss the use of 
brujueltes (()inj>>>sed of mill m .dc .oM fiber iron oxides mixt«l wiili slaked 
lime, wbu h when [iressed and allowtel to stand (or a few da)s g.u** ibe lollowing 


aiulvMA. - 

Iron shot . . . 1 v b 

Iron ovule . ^ 1 j 

lo-rrous ovule j \ 7 

I-line . (; .S9 

II;'').. • ( 1 () 

. . r,/..H 


These bruiuettes are us* d in the pl.ice of sr rap and imu- arul otiu r devu es 
for eoobng the (barge during the blow Scrap and bine tlms « njj>l(*y* d, not 
only cool the cbargi, but reduce the pbosplunu a* id in the slag when an execs.s 
of bme IS present 

Losing pig iron containing — I’, 2 o {>er rent. ; Mn, 1 ^ p* r < < nl , Si, 0-5 jx r 
cent., about per < enl. (d bine i.s usually found subu lent t*> « nsiire .i good 
dcjihosphonsalioti, and this is charged into the ronvrrter lulore the 111 the 
ordinary manner. • 

The briquettes, which W(jgh about 7,^ to 8 lbs (a'b, aie llnown inlo the 
conTertcr liawards the end (jf the decarbunsing period, and h.m a rtul 

effect in reducing the time taken during the after-lilow t'» depliosj'borise- the 
charge. It is stated tlut only a lew s(.C(uids are n-quir* d ti; (<m)j<jeic the 
operation. 

Or. (ioeren, giving an account ol tb<? Mohr im['r(A( in* rils, ‘.b</ws that a great 
saving is effected by tlie use of the bri'iuclits- 

(7). Charges witli pig iron having low pc-r(cniages ol silicon and manganese. 

* *' I-<urnvl Ir->n ar.il In'iuurf. ' I, ;• 109. 

* ■' ItyM Age, ' vol. 81 , p 
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Iklow are ^ivcn two char^'e^ ujwn which iinesti^ations were made by 
Messrs. F. Wusi and L. Laval, which show llie variations in the amounts of 
mattrials used. 


Cl.'t;,- 


Pig iron . . . . 


l.itrii,'. . 

-’'a 5 

I'crro-manganrsi-(76 7 %) 


Korro-silii on ((H 3 . . 

11 

Sorap. . . 

nil 

Spngcl 

• ' 5 H 


Charge 2. 

Ihg iron.23,721 lbs. 

lainc. . . 3'S8 o ,, 

Ferro manganese (76 7 %; 132 

Fcrro-sihcon (-183 ^ ) . . nil 

Scrap . (>n u 

I Sj^egcl . ml 


Additions to the Blown Metal.- -.\s the ni' tal in the h.isic converter is 
brought to the C'/n'.lilulion at the lerininaiion of the Mow as the metal 

Mown in the acid lined hottom-IdoiMi converter, the ainoimt aiul cli.aracter of 
the physic adililions ncca --sary to produce any dc'.ired si^ el are the s.une m both 
proccssr^. .\s .1 rule, only traces ot carbon and m.uiganese, and no silicon, are 
(ound m (he blown melal, while sul[>lmr^ and plio->[)horus arc reduced to o 03 
to o'oO j»ei C( nl. and 0 05 to o’o8 per i <111 k -.pectively, a< coidmg to (he (pialily 
of ihr ha'iic iron u eil m the < harg( . 

'File maleri.iL u^ed for both mii<l an I hard«,r carl))n steel*mgols are spiegel 
and feiio iiMngan<‘-,e. 'I'h'-se an- add'*d to the blown metal in the converler in 
the solid lorm, pieviou',!)' hral'-d a', in tic- acid proc<-'.'> It i'> found (bat the 
action not so viol*ntwin.n the >pi< g, l is added solid as when iiiellcd , the 
funner m thod is lberi-lor<i g, nrrally adopted l iir leriO'inang.mese is also 
heatul and added to the ladle while liie contents ot the converter are poured 
therein * 

Loss of Material during the Blow.-*~'l‘liis dep -mls upon the ipialiiy of the 
basK iron, lime, aiul other tluxmg agents, and the duralion and condition of the 
blow. In liasic pig iron the <'arhon is mostly found m the combined slate, and 
IS less than m the non-hasic pig iron, h does not often < vcei il 3 5 per cent., 
and is usually about 3 per cent i aking the carbon at 3 ^ jK-r cuit . and assum¬ 
ing the analysis of tin- basic metal m the conveiter hefoie hi )wmg to he as given 
below, the loss m removing the mtlalloi.ls is — 


(‘aibon . ^ 5 % 

Silicon . . 0 5 

Manganese . 20’,, 

Phosphorus . 2 5 

Total _ . . . 85 'hh 


During the removal of these elements, there are other losse-'-ilue to the oxida¬ 
tion ot the lion in the slag formation and m the ejection ot iron, which amount 
to from to 5 pel cent, of the weight of the charge The total loss is there¬ 
fore about 13 to 14 ('Cl Cent. —m general practice tin- loss is found to vary from 
13 to 18 pel cent. .\s against this loss theie is the gam fiom the phosphoric 
slags, wlucli are sold tor agnmllural purposes. 





ClIArTKR XIX 

MOD.’-KX 'J-ro\ liorro.Mtti t‘H\\ ihsm-mii; ri i.\r iOK 
loi'SPiais 


I-dl'K .’-ION (.^onvi kth; fi.Asr 

OeDfifftl Dewnplion Ihc lutitoni yhui illusitatfi! ill 07 iH iliat 
of a mo ton < omutcr j<Ufit Hy dupliralmj^ ilu- plant slimui, (our oonvcrlcrs 
can l>c arraiii^cii ni on< line. 

Tho convvit«T ncsm Is arc nHHint('<l on jK-<U‘sials v\uli rolK r Itcann^pv, arul arc 
tipjwd < !ih< r 1))' an (lr« trie nioi«>r throii;^li smtalilc or l>y hand , in fact 

both cUnrn and hand drives arc u-cd ( \s an al(« rnativc, h)dia\ili(' tijipm^ 
gear I'i soinclmics pro\id«t).) Ilu* «ontroiicts fnr opiraling lh<- vi'Sscl.s arc 
nuitahly plac<d m (roiU ol tlic converters, so that die operator may have the 
vctoels all »nhin • 

Amngement of Converters 1 iie^ omerters an- pb( ed in "lu- lin« ui front 
of the cupeda staging, from uhi< li tin- hot mct.al is snppln d to tti( m alter being 
weighed. Ib< h jiair of e'onv« rlers is couph d ilh a < enlral blast pipe from the 
blowing engne. A central valve is plaf<‘d lutwAcn them to adinii air to either 
of tbcri) as elcsirerl, anti tlic blast is < arrn d to the tii\c re bottom in th<- ordinary 
way. ’1 be blast pij>es are lilted «ith tioii ri torn liap valves and stop v.dves. 

Blowing Engine, (hil) one Mowing engine is rccjuirtd (or the hnir (on- 
veflers, as the rate of blowing is nun b laste r Ui.in in tin- surfa< < l)lown plant and 
there ’S not the same neti ssiiy lor both \i ssels to be in ojx ration at the same 
time. It will be observed that with tins jil.int, a blowing engine is used instead 
of a high-pressure blower, .as ilu: j»re^siire is so nuirh higher p< r scjiiare im h than 
with tfic siiffarc ldowii plants. In the following cost, a steam diivn blowing 
engine has been included, alihougli sl<atn, gas, or ele(in<ally linvm Ijlowmg 
engines mav be uscrl. f.Sce ( ln|fler XV! for (Uscnptions ol various types of 
Converter Hlowing Ivngine.s.) Low prcisure K<>ots’ illtjwc rs are emijlo)ed for 
the cupolas. 

Cnpol&i. -Four cuimlas are arr.ingrd on the staging, tng« tb* r with weighing 
ladle and appliances, all of^which are similar in (b sign and rap.oity to those 
used in the surface-blown plant dismlM-d in < lupter XX.exMpt the w< iglnng 
Udlc, which is made to lip, instead of being tapj^ed. 

Op«rttion of the Pl»nt ■ 'lins is similar in every n s|« cl t<» the smfan’- 
blown plant, except m the method of charging the * onvi rti rs, and in llie rale of 
blowing. As the tuyeres arc in the Iroitom of the vesst 1, thr liot rm tal must be 
(loured into it while it is lying in a horizontal i>o.ition. .\ltjr li)'- rneul is 
weighed, It is poured into the converter from the ladh*, and while the ronverter 
i* being turned into the vertical |Kjsition the blast is applied, and the of^rration 
of blowing commenced forthwith. 'I’he progress of the blow ditiers only from 
thatch tl^ surface-blown plant in the r.iic of oxidation of <arbon, sdicon, and 
tnangatjesc, and is more rapid under the higlicr ptcisurc of air passing tlirotigli 

o 
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e-ro\ /wrro.^f-it/.oir\ \<)S 



the of thr rnetai Tin- tmic usuall) lain ii to (•itnj'](t( a M<iw is from to 
to JO riitmilt *5. 

Output tind Cost of Plant, riii'co-^tof su-r 1 isi-asiii iipoti a maKiinum 
averat'e output from thr working lo ln^irs ]at dav. luo .'itc jii 

constant list, one tnl!o;\in^ thr other, ; (■ \'hil> oik i . hi iii^ < hailed (hr otlr-r is 
being “hlonn ’ Ilur blast is tin r< fori' fhnn^'.Ml Irorn oix' to (Ik otlu r alter¬ 
nately. U hile t*»o \css< Is arc in use, thr idl<- (XKsare Ik up; r< p.iio <1 for mm* 
the following day Allowing to minulrs for ta'li h<at, it woui<l he pob- 
siblc, with ronlimious working and no ini.hajp to obtain jS iuats frmii thr two 
converters ]« r day 

I he lollownig ii( ri.s are inr hided in the cost of yji.oou, whnli cov* ra 
approximately tlie whole installation ; - 

i'our 3-ton (onvert<rs, lyonntul on ptdislals, ' arh arranged with tipping 
gear ojKrated fiy < le< tnc motor, and with hand g<Mr, logtilnr w-tii the 
necessary eleclni: contndlers and swit^li/'s. I.adi ron\(.iirT to have the 
air earned through one trunnion to the blast box on the b(;tioin •>( 
the Vessel. 

tour cupolas of the same rapaeiiy and with the same arressones for rajud 
melting as those used witii the surface-blown plant. 

t-lnc high-pr(vsure, steam-driven blowing engine, to ^up| ly tlic necessary 
^ blast to die consericrs, together witii all piping, vai\' s, and gauges. 

Two steam boilers and nteeSsary a^cessoms h r •'Uppl):rig st^arn to blowing 
engine. 

Two low-prtssure Roots’ Rlowcrs, <ach cou[dcd direr t through gcnring to an 
electric motor mounted on an extension of the l<ed jdalc of il»c blower, 
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for supplying the blast required for the cupolas. Each to work inde¬ 
pendently. 

One electrically - driven lift, with motor and gearing, controllers, etc., 
complete. 

One weighbridge, with the latest improvements for w'eighing the materials. 

One weighing machine, for weighing charge from cupolas. 

One ladle and carri.age, with motor and gear for operating them to and from 
the cupolas, weighing machine, and converters. 

One high-speed jib crane, for operating in front of the ladle pits. 

Two overhead cranes, for serving the foundry with molten steel. 

All structural steel work, including stagings for cupolas and suitable roofing. 

Four hoods and chimneys for converters. 

One coke-fired crucible melting furnace, with three 4-pot melting holes for 
melting additions to charge. 

One small cupola fon melting additions, with nccessaiy pipe connections 
from the blast mains of the larger cupolas. 

One small furnace for heating ferro-alloys when added to charge in the solid 
state. 

One set of ladles, including two ro-ton Ladles and six 3-tun ladles. 

Blower house, with the necessary switchboard eipiipment for the complete 
plant. 

All wiring, switches, starters, and electrical .accessories complete. 

All blast pipes, spouts, chutes, slag and coke pans, tqiping tiucks, tools, etc. 

All brickwork, concrete foundations, pits, linings for converters, cupolas, and 
ladles. 

The whole plant erected complete and set to work. 

It is assumed that the electrical power for the motors is supplied to the 
switchboard from an outside source, the cost of which is not included in the 
above figures. 

Half the value of the two overhead cr.incs is included in the above cost. 

Allowing a depreciation of ro per cent, on the complete steel plant, 5 per 
cent, on the buildings, and al per cent, on the foundations, the annual charge 


for depreciation is :— 

J,?iaoo @ 10 % .... ;^8oo 

2'iooo iu\ 5 % . . . . 50 

;^'2000 @ 2j %. £ so 

Total .... ^900 


Interest on capital = 5 % of ;^tt,ooo = £si<^ 
annual charge for interest and depreciation = ^r45o 
With an annual output of 15,000 tons of stcej in the ladle, the charge for 
depreciation and interest per ton of liquid steel 
_ 1450 X 20 
15,000 


IJ'. III. 


Working Costs {per Ton of Liquid Steel for Carbon .Steel Castings) 

Cost of Repairs and Stores.— 1 'his cost includes all labour and materials 
spent in the repair of converter bodies and bottoms, cupolas, crucible furnace, 
ladles, boiler, and general repairs about the plant. It also includes the various 
stores used. ' 

The average cost of repairs and stores taken over a period of twelve months, 
r.,.,io..;oi»-n,! i„i,™,v lo ... c-.r „r i;..„;n ot..oi 
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CoBt of Fuel.—As the materials melted in the cupola are the same as those 
used in the surface-hlown plant, the quantity of coke consumed in the cupolas is 
the same per ton of material melted. Mqual amount.s of coke are used in heat¬ 
ing the converters and in melting idiysie in hoth plants. The total averages 
cwts. jier ton of liquid steel in the ladle. Taking coke at aay. 6./. per ton, 
the cost of fuel per ton of liquid steel — 33'. 11 h/. 

Cost of Labour.—All men employed m Hoiking the plant are included in 
this cost except the labour already included under “ repairs.” The men required 
are:— 


Tour converter men. 

Two cupola attendants. 

Two cupola chargers. 

T.ight cupola charge wheelers. 

One man in charge of blowing engine, hloweis, etc. 

One man m charge of [ihysic cupola. * 

One man at boiler. • 

Two men at 1 rucible furnace. 

Tive men |)atching, rejiairing, and oper.iting ladles. 

One man at pb*crane and part wages of two men on ovcrhe.ad ciaiu's. 
One foreman “ blower.” 


Total wages for one week. 

•Steel produced in ladle in one week 

.'. cost per ton of liquid steel = '’ ^ 


20 


. ^,56101. 
320 tons 

= 31. 6!,/. 


Adding 50 per cent, as pait evpensi* of chemist and management =v ir. 9./. 
per ton - 

the total cost of labour per ton of liquid steel = 5>. 3 b/. 

Cost of Power.- - The cost of power includes steam used m blowing engine 
and jib crane, electric power for cujiola blowers, tipjimg converters, lift, and 
half-current consumed by overhead cranes. 

Electric [lower for one week = .[Soo units = 15 units ]ier ton. 

• s. ,/ 

With current at \d. per unit, cost of electric [lower per ton =0 7 

Cost of steam power per ton .... .=111', 


■.•. 'I'otal cost of power [ler ton of h([uid steel . - 2 7 


Raw Materials.—Taking the same weights and [irices of raw niatciials as 
used in the surface-blown ISessemcr [ilant, the total cost of raw materials for one 
week = ,^1177 rlly. qu'. 

.'. With a weekly output of 320 tons of liquiel .steel, the price of raw materials 
- £i '3^- 8r/. per ton. * 


Summary of Costs 

Cost of plant _^r 1,000. 

Depreciation and interest ... 

Repairs and stores. . . 

Fuel. . . . . 

Labour -f 50 % lor management . . . 

Power.•. 

Raw materials. 


r.. >■ <!. 

O III 
O .[ b 

o 3 iD. 
o 5 . 3 i 

027 
3 It « 


Total cost per ton of liquid steel . . . ;^4 11 11 
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The cost per ton of liquid steel in the surface-blown plant of the same 
capacity, melting and converting the same raw materials, is 9s, lod., as 
against lu. iid. above. This increase, it will be observed, is due to 
higher cost of re[)girs, labour, and power. With vessels of larger capacity, this 
cost would be correspondingly reduced. 


Two 2-Ton Converter PL.'tNT 

In a two 2-ton converter plant, as shown in Fig. 97, two cupolas are used 
instead of four. The staging and other structural work are also reduced 
accordingly. One overhead crane serves the plant instead of two. In other 
respects the equipment is about the same size. This means that the cost for a 
two-vessel plant is considerably over half that of a four-vessel plant. There is, 
however, a slight compcqsation in the output, which can be increased in the 
ordinary working day of 10 hours from 14 to 18 he.ats from one converter. 
Calculating, however, upon the former basis of output, the following is the cost 
of one ton of liquid steel in the ladle. 

Summary of Costs 


Capacity of plant, 160 tons per week. 

Cost of plant, ;£8ooo. 

T f. </. 

Depreciation and intere . . .o 2 

Repairs and' stores. . 048 

Fuel.0 4 6 

Labour + 50 % for management . ..069 

Power. ... ...-029 

Raw materials. ■3'38 

Total cost per ton of liquid steel. , . . ^4 14 81 







CHAPTER XX 

MODERN 2 -TON SUREACE-RLOIVX CO.WER'fER PLANT TOR 
S TEEL FO END RJES^ 

• 

General Description.—In Plate V are .sliown the plan and elevations of a 
modern surface-blown converter plant consisting of four converters, each of two 
tons capacity, mounted on pedestals with roller hearings. Mach vessel is under 
direct and separate control, having fixed to one of its trunnions a worm-wheel 
geared with motor to give the desired rate of turning. Fig. 98 is a photo¬ 
graph of a modern converter with turning gear, etc., coniplete. By means of 
a slip coupling, the motor can be disconnected and the converter operated 
by a hand-wheel. The electric controllers for the motors aie arranged in a 
small operating house within sight of all the conveite^s, and can he mani¬ 
pulated at will by the man in charge In cases where electric power is not 
available, the conveiters may he operated hydraulically, as shown in Fig. 99. 
With this arrangement one of the converter trunnions is fitted with a sprocket 
pinion, over winch fits a link chain, the ends of the chain being secured to 
hydraulic rams. 

Arrangement of the Converters.—'I'he converters are connected in pairs by 
a central blast pipe from the blowers. Between each pair of converters the air 
enters the trunnions to the blast boxes, and a two-way valve is fitted so that the 
air is only admitted to one vessel at a time. * If the two vessels are in operation 
during the same day, working alternately for instance, the valve is reversed after 
each blow. There are three other valves on each blast pipe connecting the 
converters with the blowers. One is called the non-return llap v.alve, which 
prevents the return of explosive gases along the pipe to the blower while the 
latter is not working, the second is for the admission of air to the converter and 
is controlled from the operating-house by the m.in in charge of the plant, while 
the third is a safety valve for relieving the pressure in the air pipes should any 
obstruction arise. The second valve referred to may bo omitted and the blast 
controlled from the valve placed in between each pair of converters, but this 
necessitates a differently constructed valve from the two-way valve referred to 
above, and the method of operating it is somewhat modified. The blast pipes 
from each blower to each pair of converters may be coujiled together and fitted 
with suitable stop valves, so that should one of the blowers fail the other could 
be brought into operation. Further, these pipes may also be coujiled to the 
pipes connecting the cupola blowers with the cupolas with the .same object. 

Suspended over each converter is a hood with chimney, which passes through 
the roof of the building in order to carry away the obnoxious fumes during the 
operation of blowing. 

Blowers.—The blowers are independent of each other, and each is directly 
coupled to a motor through suitable gearing which runs in an oil-bath. Fig. too 



''"" ' ' 1 ' '. ' . ^■■ 

illai^es one of these blowers, which are used for the converters and tBK copoIai. 
Tllfey are all grouped together in the blower house and are under the control of 
an attendant, who is in bell communication with the operator of the plant. ' 




Pressure gauges for recording the air pressure are fixed in the blower house and 
in the operating house. ^ 

Cupolas.—Raised above the floor-level and arranged in suitable positiom • 
upon the staging, are the four cupolas which serve the converters with moltim 



[ To face p. 200 . 
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meUL Tbty ue odt of|peclal dedgn.tnd of such capadty as lo supply a full 
charge at one taRimg^ Fig. loi gives two views of a Epical cupola. The pig 



Fig. 99. Hydraulic Tipping Gear for Small Convcrteri. 


iron and scrap, together with the limestone, fluorspar, and coke used in the 
melting process, are elevated to the charging stage by means of electric lifts 



whidi are used for the four cup 
ladle (which holds a full charge) 


olas. The iron when melted is tapped into a 
resting on a weighing-machine and the contents * 
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weighed, after which the ladle is tapped and the metal conveyed by a swinging 
spout into the converter. 

Ladle Pit.—In front of each converter is a ladle pit, at the ends of which a 



broad-gauge rail track may be laid to admit of a travelling jib crane serving each 
of the vessels. Overhead cranes are also usbd in conjunction with the jib 
travelling crane. 

Crucible Furnace and Physio Cupola.—At one side of the Bessemer plant 
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there is arranged a set of pot holes for melting the alloys used in physicking 
the steel. A small physic cupola is also emp'oyed for melting necessary 
additions. 

Stock Yard.—Behind the Bessemer plant, the pig iron and scrap, together 
with the coke and other raw materials, are suilahly placed to allow of ca.sy 
removal. From the railway sidings the trucks are t.akcn into the works, bringing 
the materials alongside the bins and st.acks where delivery is required. The 
handling of the raw materials in the stock yard is therefore reduced to a 
minimum. 


Operation of the Plant 

When working the'four vessels to their full capasity on the most economical 
lines, two converters only are. in renplar operation daily, the rst and jrd and 
the 2nd and 4th, e.ich pair every alternate day. 'I'hey can, of course, be 
worked with the 2nd and 3rd vessels blowing at the same time, but the former 
arrangement is rffore convenient for pouring and working round the ladle pits. 
If a heavy casting is being made, say up to 20 tons weight, the four vessels can 
be used during the same day. While two heals are being blown, charges of 
molten metal can be tapped into the other two vessels not in operation, so that 
immediately the first two heats are finished the blast can be turned into the other 
pair of vessels. This permits of an accumulation of hot steel in a very short 
time without much “.skulling” in the ladles. It is not advisable to run the four 
vessels in this manner all day long, aswthey cannot cool suflicicntly to admit of 
their being patched during the night ready for use the next day. The same 
applies to the cupolas; they are worked most economically when used in alternate 
pairs, allowing due time for p.atching. 

Weighing Saw Materials.—The raw materials consist of pig iron, scrap, 
coke, limestone, fluorspar, etc., in their respective proportions, which are placed 
by the yard men in small tipping waggons, and from thence run to the weigh¬ 
bridge in front of each lift. The weight of each kind of material is recorded on 
the charge sheet before the truck is tun on to the lift for elevation to the staging 
above. Workmen become expert in loading charges quickly, and can judge to 
within a few pounds what amount to put on the truck for the charge. This saves 
much adjustment at the weighing machine. One man is made responsible for 
the accuracy of the charge and for the order in which the different materials are 
sent to the charging stage. 

Melting in the Cupola.—Before the charges are placed in the cupola, the 
lining is raised to a very high temperature; the lighting up takes place two or 
three hours before the melted charge is required. After the patching has been 
done and the bottom made,*a wood fire is lighted inside the cupola, and coke is 
added until a deep bed of incandescent coke is formed. When the fettling door 
and the tap hole have been prepared and closed, the charges are added and the 
blast turned on. The melt proceeds in the usual manner as in ordinary foundry 
practice. The regulation of the blast is under the direction of the cupola 
attendant, who controls the melt according to the requirements of the man who 
operates the converters. 

Weighing the Liquid Iron.—-The molten metal is tapped from the cupola 
into a ladle of special construction lined with firebrick, having a tap hole at the 
bottom through the side nearest the converters. A spout is attached to the ladle 
to convey the metal into a swinging spout which serves each pair of converters. 
An empty ladle rests on a weighing machine opposite each swinging spout 
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and the weight of the molten charge is recorded before it is tapped into the 
converter. Fig. 102 shows the arrangement adopted. Before tapping the first 
charge into the ladle, the latter is heated with a gas or oil jet under air pressure, 
or with an ordinary wood and coal fire assisted by an air jet. 

After the contents of the ladle have been tapped into the converter, the tap 
hole in the lltdlc is made good ready for the ne.xt charge. After tapping and 
recording the weight of the first heat each day, the cupola attendant is able to 
judge, within narrow limits, how much to tap from the cupola into the ladle, 
without necessarily weighing the contents each time. This is important, as the 
scouring action of the blast in the cupola enlarges its capacity during a day’s 
melt. The slag line on the ladle is a good guide, and with other indications 





which arc gained from experience, the attendant can close the tap hole of the 
cupola immediately he has drawn sufficient. • 

Preparing the Converter for the Charge.—Silica-bricked vessels are care¬ 
fully lined with very high grade silica blocks moulded to suit the form of the 
inside of the converter. The tuyeres are also made of the same material, and 
arc, with the blocks and other bricks, closely jointed together with the best 
silica cement. When newly lined, the vessel is left to dry a day or two with the 
blast box open to allow a current of air to pass through to dry the cement. A 
wood fire is then lighted and the process of heating is proceeded with slowly. 
The heat is gradually increased with additions of coke, through which a gentle 
blast of air is passed from the blower until the lining becomes thoroughly 
heated throughout. Such precaution saves considerable trouble and expense. 
Liberal allowances are always made for the expansion of the vessel, to prevent 
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damage. With the lining at a bright red heat the vessel is ready to receive' the 
charge. 

With one day’s work, the lining may sutler much detorination, making 
patching more or less a ilaily necessity. Careliil patching prolongs the life of 
the lining and tuyeres. This is found in most types of furh.aces, hut it is veiy 
remarkable to find some a-ton vessels produemg only .(o heats Irefore a new 
set of tuyeres is necessary, while others will endure 200 heats. Many things 
contribute to the durability of linings, not the least being tlie skill displayed 
in doing the daily repairs. Tlie converter must, of course, be heated e.irh day 
before the charge is run into it. It is found that a lining lasts longest when the 
vessel is used eveiy alternate day, thus allowing due time for cooling and 
patching. 

Setting the Converter when Charged.—The vertical avis of the converter 
is set at an angle to the vertical wlu'ii nmnmg the metal into the vessel as shown 
in Tig. 10,5 ''1 lhat the tuyeres are well clear of tlu^ iiiolten metal when the full 
charge is in the converter. To set the vessel m the iiosition suit.ible for blowing, 
the plugs 111 the blast bov (foor are removed and the surface of the metal 
evamined through the plug boles and along the tuyeies. By the help of a small 



Tie 103 — a I'o' ilKin nf Cimvcrlci' wiiL-ii leteiving i h.vrjr*' 

e. i’O'ili'in of t'onvcrlcr ulieii le.uly for hlowiii;; Ini'linstion of tuyeres to 
honZ'UU.iI, 10 ' lo 20 . 

lod of iron or steel, the exact level and position of the metal is readily 
ascertained. The converter is giadually brought into position until its vertical 
axis is from 10 to 20 degrees out of the perpendicular, as shown 111 big. 103 
If the level of the metal in the bath is at the bottom of the tuyere holes when at 
the inclination stated abovi, the plugs are replaced in the blast box door and 
blowing IS proceeded with. ch.alk mark is sometimes placed on tlie trunnion 
and pedestal, or the position may be indicated by means of a pointer and dial, 
after each charge is “ set.” 'I'he converter c.an, tlu'relore, be brought round 
to the same position any time during the operation, when it be found necessary 
to turn the vessel down. 

Progress of the Blow.—The conduct of the blo'.ving o[)cration demands 
ordinary common sense coupled with a knowledge of what is indicated by the 
varying colour and length of the flame-which issues from the vessel during the 
oxidation of the principal elements, silicon, manganese and carbon. Practice 
makes an intelligent operator skilled in observing the reactions whicli take place. 
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The first thing aimed at is getting the gases lighted, or what is commonly called 
the “ light." Before this takes place the graphitic carbon in the metal is con¬ 
verted into combined carbon, and some of the iron becomes oxidised and passes 



0 2 4 - e ti 10 12 14 te 

Time in nirmtCS 

Fig. 104.—Rate of Oxidation of C.irbon, Silicon, and Manganc'ic during blow. 
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Fig. 105.—Rate of Oxidation of Carbon, Silicon, and Manganese during blow, 
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off in dense brown fumes. If the metal is very hot it may only take one or two 
minutes to get the “ light ’’ even in the first heat, when the vessel is always at a 
lower temperature than in subsequent heats, hut if the metal is dull it may ho 
several minutes before the gases ignite properly. \Vc have known it to take 30 
minutes, but this is a very exceptional case. 

The subsequent stages are, as a rule, quite regular; the flame becomes hotter 
and longer and changes m colour and intensity, showing the passing of the 
silicon, manganese and carbon. The flame towards the end of the process is so 



Fro. 106.—Chart for recording Air Pressure during Blow. 14 Blows are indicaicd. 


luminous that the naked eye cannot bear to look at it; blue glas.ses are therefore 
usually worn during the observation. 

When the carbon has been almost completely burned to CO and CO,, the 
flame suddenly drops, which indicates at once that the carbon is reduced as 
much as possible, and the material is now re.ady to he made into steel of thq 
degree of quality desired, as far as additions of carbon, silicon, manganese and 
other alloys will do this. Tigs. 104 and 105 show curves of the time taken to 
eliminate the various constituents from the metal. These indicate rapid blows 
for surface-blown plants. 
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Duration of the Blow.— The time taken to convert a 2-ton charge of hot 
metal into steel varies considerably according to certain conditions, which 
include among others:— 

1. Ihe richness of the pig iron and scrap mixture in carbon, silicon and 
manganese. 

2. I he temperature of the molten metal at the commencement of the blow. 



tic. io8.— 2 -ton Converter hlunt. Ladle in position to receive finishedcliarge. 

3. The condition of the lining of vessel and tuyeres. 

4. The regulation of the blast pressure. 

5. The skill of the operator. 

The time and pressure are automatically recorded on charts which show a 
day’s heats. This is most useful for checking one heat with another. Fig. 106 
shows the chart commonly used, and gives the'progress of heats. The recording 
instrument and pressure gauge are placed on the wall of the room, where the 
operating valves and controllers are all within reach and under the direction of 
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tlie man in charge of ihe blowing. The time taken to comiilete a blow v.iiies 
from 15 to 40 mmntei, and may be even longer if the tuyeres are trouble.some 
during the ojicration. 



Physicking the Charge.—'llie final additions to the charge are either added 
in the liquid state enttrely, or partly in the liquid and solid slates, or at other 
times entirely in the solid form after being heated to redness. If special steels 


Kig. 109 —Tuo 2-ton Suj-facc-blown Trop€na5 Converter Plant at the Lancashire and Yorkshire Railway Works, Horwich. 
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are made from the blown metal, the ferro-alloys are usually melted in crucibles 
and poured from them into the ladle waiting to receive the charge from the con¬ 
verter vessel. The cupola is sometimes used for melting these “finals,” and 
serves the purpose quite satisfactorily when pig iron for rccarburising is required, 
but for melting the'ferro-alloys the oxidation losses do not warrant its use in the 
ordinary form. 



It is not an uncommon practice to recarburise the charge when mild steel is 
required by throwing lumps of cold pig iron, previously dipped in water, into 
the bath of liquid steel. This practice is usually accompanied by a loud report 
and the ejection of slag from the converter. 

After ])hysicking the charge with solids, a mixing bar is used to stir the 
material. The converter vessel is also rocked up and down with the same object. 







lob 1^' 



•1 Steel Koundrj (shouirg ConTerter M: 
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Pouring.—The pouring i,s controlled from the operating house by the 
" blower,” w ho can sec the converter and ladle while regulating the rate of flow 
of the steel. When the whole charge is taken into one ladle, the latter is 
suspended from a Penison or other suspended weighing machine which hangs 
from the overhead or travelling jib crane. The weight is taken before and after 
pouring the steel into the ladle, and the amount recorded. 

When the charge is poured from the converter in small ladles or shanks, the 
electric motor is uncoupled and the hand turning gear brought into operation. 
A nose brick is placed m the mouth of the converter and held there by a suitable 
strap in front of it, secured by two brackets fixed to the platework of the 
vessel. 

Cranes.—The overhead cranes are of ample power to lift ladles with several 
charges of steel. The jib crane is most useful in clearing the pits quickly of slag 
from the cupolas .and converters, the slag from the former running direct into 
jians on trucks, while from, the converters it falls into the ladle pits. For trans¬ 
ferring ladles of steel from one vessel to ^nothey in diflerent bays, the jib crane 
is indispens.able. 

Other Arrangements of Converter Plants.—In Fig. 107 is illustrated an 
arrangement of converters and cupolas placed on the floor-level, it being some¬ 
times more convenient to operate the cupolas in this position than when raised 
upon staging. The metal is transferred from the cupolas to the converters in a 
ladle carried by overhe.ad crane. The same crane is used for taking the finished 
charge from the converter. F'ig. lo.S shows ladle sus])en(led from crane ready 
to receive the charge. 

In F'lg. 109 is shown photograph of the two 2-ton converter plant at the 
Lancashire and Yorkshire Railw.ay Works, Iloiwich. both converters face each 
Other and arc served by cupolas from which the hot metal is run direct into the 
converters. 

The general arrangement of the 3-ton converter plant shown in Fig. no is 
that of the Scullin-dallagher Iron k Steel Co., St. Louis, U.S.A. It will be 
observed that the cupolas are placed at right angles to the converters. 

In F'ig. nr, showing a ]>lan of the foundry of the Detroit Steel Casting Co., 
Detroit, U.S.A., is given the position of the converters in relation to the 
cupolas. ' 
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COST OF STFFL PRODUCED /.V SURFACE-R/.OirX CONVERTER 
J'LANTS FOR STEEL FOUNDRIES 

2-TON CONVERTKK J’t ANJ' WITH FOUR CONVERTERS 

Output and Cost of Plant.—The cost of stool piodncod l)y the 3-ton 
converter pl.nit flith 4 converters, described and illustrated in the previous 
chapter, is calculated on the basis of the continuous use of two converters per 
day with an output of 56 tons of steel, that is, e.ach converter “blowing” 14 
heats per day of 10 hours. The lirphd steel produced can be used for ca.stings 
from a few lbs. weight up to 20 tons each, the plant already described being of 
ample proportions to give these results. 

The cost of plant including the foll.awing items is approximately /]'io,ooo, 
varying .according to the conditions •f site and the alterations necessary to 
existing buildings. 

The items are as follows :— 

Four 2-ion convertors, mounted on |)cdestals with roller l)earing.s, each 
arranged with tipping gear operated by electric motor and with hand- 
turning gear, together with the necessary electric controllers and switches. 

Four cu|)olas, each [irovided with the latest equipment for rajiid melting and 
specially designed to melt and hold the complete charge at a high 
temperature ; complete with blast valve? and jiressure gauges. 

Two high-pressure Roots’ blowers, built on separate foundations, each 
coupled direct to an electric motor bolted to an extension of the bedplate 
of the blower. Each blower to supply the necessary blast to the con¬ 
verters through cast-iron pipes and valves coupled to them. Pressure 
gauges, operating valves, and electric.al equipment included. 

Two low-pressure Roots’ blowers with motors, arranged in the same manner 
as the high-pressure blowers and motors above, but to supply the blast 
required in the cupolas. Alternatively, motor-driven fans may be 
installed. • 

One electrically driven lift with motor and gearing, controllers, etc., 
complete. 

One weighbridge, with the latest improvements, for weighing the materials. 

One weighing machine for weighing charge from cupolas. 

One ladle and carriage, with motor and gear for operating them to and 
from the cupolas, weighbridge, and converters. 

One high-speed jib crane for operating in front of the ladle pits. 

Two overhead cranes for sprving the foundry with molten steel from the 
converters. 

All structural steelwork, including stagings for cupolas and suitable roofing. 

Four hoods and chimneys for converters. 
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One coke-fired crucible melting furnace with three 4-pot melting holes for 
melting additions to charge. 

One small cupola for melting additions, with the necessary pipe connections 
from the blast mains of the larger cupolas. 

One small furnace for heating ferro-alloys when added to charge in the solid 
state.' 

One set of ladles, including two 12-ton ladles and six 3-ton ladles. 

filower house with the necessary switchboard equipment for the complete 
plant. 

All wiling, switches, starters, and electrical accessories complete. 

All blast pipes, spouts, chutes, slag and coke pans, tipping trucks, tools, etc. 

All brickwork, concrete foundations, pits, linings for converters, cupolas, and 
ladles. 

The whole plant erected complete and set to work. 

It is assumed that the power is sup])lied to the switchboard from an outside 
source, the cost of plant for which is not included 111 the above figures. 

It will I le obvious that while the overhead cranes are an absolute necessity 
in handhiig the steel produced from the converters, their cost should not be 
entirely charged to steel uiakiiig. Dining one full d.iy's work, the cranes would 
be employed about half their time in serving the steel plant, and the other half 
in the foundry. Half their value only is therefore added to the cost of the steel 
plant. 

Allowing a depreciation of to per cent, on the comiilcte steel plant, 5 per 
cent, on the buildings, and 2J per cent, on the foundations, the annual charge for 
depreciation is;— 

/ 

_/^7ooo ro "o .700 

/,'tooo («] 5 50 

^'2000 (id 2] 50 

Total . . £Soo 

The out[Hit of the plant, if worked 47 full weeks per year = 320 x 47 = 15,040 
tons jier annum. Hay 15,000 tour. 

Chaige for deiirecmtion per ton of liquid steel = ^ = is. id. 

‘ 15,000 

Interest on ^r 0,000 at 5 per cent. = ^500. 

.'. Charge for interest per ton of liquid steel = 

15,000 

Total charge for depreciation and interest per ton of liquid steel = i.f. 91/, 


If'c/Zv//!,’ Costs (ftr 'Ton of Liquid Stoolfor Ciubon Stool Cashugs) 

Cost of Repairs and Stores. - 'the rejiairs include all materials and labour 
expended m ])atchiug converters, cupolas, ladles, chutes, and furnaces daily; the 
periodic relining of the converters, cupolas, and ladles with brickwork; all 
repairs to the mecluanical and electrical parts of the plant necessary to maintain 
them in woiking condition; and all hand tools used about the plant. 'I'he 
stores include oil, grease, waste, asbestos, gloves, brushes, and all miscellaneous 
items required. 

The average cost of repairs and stores taken over a period of 12 months, 
including the cost of relining converters, etc., is qr. [ler ton of liquid steel. 

Cost of Fuel..The fuel includes coke used in heating cupolas, converters, 

and crucible furnace, as well as the fuel actually used in melting. The average 
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weight of coke used per too of liquid steel produced is 3^ cwts., and taking the 
price of coke at £^\ 2s. bJ. per ton, the cost of fuel per ton of li(inid steel 
= 3r. I i.y. A small amount of fuel is also required for heating the ferro-alloys 
when added to the converters m the solid state. This amounts to a fiaclion of 
a penny per ton of steel. 

Cost of Labour.—Tlie labour includes all men reipiiu’d to work the plant, 
exclusive of those referred to under the heading “ repairs ” already dealt with. 
The men required are :—■ 

Four converter men. 

Two ciqiola attendants. 

Two „ chargers. 

Tight ,, charge wheelers. 

One man in charge of blowers and other plant. 
f)ne man in charge of |)liysic (U|iola. 

Two men at crucible furnace. , 

f'lve men patching, repaiiiin, and c^iperating ladles. 

One man at jib crane .iiid |iart wages of two men on oveihcad cranes. 

One foreman “ blowei." 

• 

'I'otal wages for one week ... ... 

Steel produced in ladle during one week . 3-'o tons. 


(lost per ton of liquid steel = 


SS X 20 
3 -^ 1 ' 




i'A 


Adding 50 i)er cent, as part expenses of chemist and nianagemeiit — it. 91/. 
[ler ton. 

The total cost of labour pei ton ofliipiid steel = t;j. .>y. 

Cost of Power.— i'lie cost of [lower includes .ill electrical [lOwer used in 
operating the blowers for converters and cu|iolas, (or tipping the conveiters, 
operating the lilt, and half the [lower consumed by the two overhead electric 
cranes. It also includes the fuel ami w.iter used by the .sle.mi jib crane. 

Assuming the cost of current at the switcliboaid to be ' V. [ler unit, the cost 
is as follows ;— 


• r. g, 

(airrent for week, 8960 units = 2<S units [ler ton 

of steel, which at L/. unit. 1 2 pi r Ion. 

Fuel and water for crane. . 01,, 


.•. Cost of [lower per ton of liquid steel - 1 3 ,, 

Cost of Raw Materials.- -The weights and cost of raw materials used in one 
week to produce 320 tons of liquid steel are given below 


Ma/iTiii/s used for Actual Manufaclure (rxcludutc; Physics) 


Pig ... , 

■f. 

c. 


LI 

s 



/ 


d. 

147 

I 2 

0 

0 

id, 

651. 

od. ton . 

479 

M 

0 

Scrap . . . 

192 

12 

0 

0 

ki-' 

Saf- 

Od. ,, . 

529 


0 

Limestone . . 

14 

14 

0 

0 


4 s. 

‘ 2 d. ,, . 

3 

1 

3 

Fluorspar . . 

3 

6 

0 

0 

fa) 

lbs. 

0./. ,, . 

2 

12 

10 

Ferro-silicon 

3 

12 

0 

0 


Sjs. 

od. „ . 

15 

6 

0 


Total . . . . ^1030 7 


I 
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Physic Materials 



T. 

c. 

Q. 

Lbs. 

L 

s. 

d. 

I'ig. 

17 

'3 

0 

0 @ 6 ss. od. ton . 

■ 57 

7 

3 

Scrap .... 

10 

18 

0 

0 @ 55L od. „ . 

• 29 

19 

6 

]''erro-mangancse 

2 

•5 

2 

0 @ Ss. 6 d. cwt. . 

• 23 

11 

9 

Ferro-silicon 

2 

6 

3 

0 @ nr. 8 d. „ 

• 27 

5 

5 

Aluminium . . 

0 

2 

3 

3 @ or. "jd. lb. 

• 9 


5 

Fluorspar . . 

0 

7 


14 @ i6r. od. ton . 

. 0 

5 

11 





Total . . . . 


11 

3 


Cost of raw material per ton of liquid steel in ladle 
£hT] i8i. i,d. 


320 


’ = £l 


Summary of Costs 


Cost of plant, ;^io,ooo. 

L s i- 

Depreciation and interest.019 

Repairs and stores.040 

Fuel.■. 0311!^ 

Labour -f 50 per cent, for management .052^ 

Rower.013 

Raw materials. 3138 

Total cost per ton of liquid steel. £s, 9 10 


Loss of Raw Material.—The combined loss in the process of melting and 
blowing varies from 15 to 20 per cent, of the material charged. The kind of 
scrap melted with the pig iron plays an important part in the loss. The best 
results are obtained when heavy, ejean scrap is used. 


2 -Ton Converter Plant with Two Converters 

The 2-ton converter plant shown in Fig. 112 (pp. 220-21) is generally in 
accordance with Plate V, but half the size. 

Output and Cost of Plant.—The output from this plant is based on 14 
heats per day of lo hours, the average heat weighing 2 tons in the ladle. One 
converter is worked daily, producing 28 tons of liquid steel. The steel can be 
used for castings varying m weight from a few lbs. to 7 tons each. 

The cost of plant, including the following items, is approximately ;^6ooo. 

Two 2-ton converters. 

Two cupolas. 

One high-pressure blower. 

One low-pressure blower or fan. 

One electric hoist. 

One weighbridge for weighing raw materials. 

One weighing machine for weighing molten metal. 

One ladle for weighing machine. 

One high-speed steam jib crane. 

One overhead electric crane. 










COST OF STEEL PRODUCED IN CONVERTER PLANTS 219 


All structural steelwork, including staging and roofing for cupolas. 

Two hoods and chimneys for converters. 

One coke-fired crucible melting furnace, with three i-pot holes. 

One small physic cupola. 

One small heating furnace. 

One lo-ton and four 3-ton ladles. • 

One blower house. 

All electrical and mechanical equipment complete. 

All blast pipes, spouts, chutes, etc. 

All foundations, brickwork, etc, complete. 

The whole plant erected and set to work. 

The explanatory remarks reg.arding the items of plant for the 2 ton converter 
plant with 4 converters described in tlie first part of this diapter apply to the 
same parts of the plant enumerated above. 

Annual charge for depreciation on plant:— ^ 

Complete steel plant, ex»cpt biwldings, ^4500 (a) 10 ~ lC. \So 


Buildings. £ 500 (al 3 ' 25 

Foundatioi^s, etc.^'rooo (li) a'i -- 23 


Annual charge for depreciation . . /'500 

Interest on capit.al outlay, £()Ooo fih 5 . - /.'too 

.'. Annual charge for depreciation and inlerest = /Soo 

'I'he output of liipiiil steel per year = 7500 tons, r.c. half the output of the 
2-ton converter ])lant with 4 converter* 

.'. Total charge for depreciation and intere.st per ton of liquid steel 


800 X 20 
7500 


2). iji/. 


U'/irh/i!; Costs (per Ton of fiqui.l Stc^ for Cmhon Steel Castings) 

Cost of Repairs and Stores.— All the items referred to under the same 
heading for the 2-ton converter plant with 4 converters are included in this cost, 
and all prices for materials and stores are taken on the same basis. 

Average cost of material, labour, and stores per ton of liquid steel = qr. 6,/. 

Cost of Fuel. 1 he average weight of coke consumed is 4 cwts. per ton of 
Steel in the ladle; this is increased as compared with the same item in the fore¬ 
going cost, on account of the crucible furnace and physic cupola, which do not 
yield so much per day as when used in conjunction with the 2-ton converter 
plant with 4 converters, andconsequently more fuel is used. The healing-up of 
both furnaces has to he done, whether the output is great or small. Taking the 
price of coke at £i 2s. bd. per ton, as before, the cost of fuel iier ton of liquid 
steel is 4s. bd. 

Cost of Labour. —The men employed arc as follows:— 

Two converter men. 

One cupola attendant. 

One cupola charger. 

Four cupola charge wheeler^. 

One man in charge of blowers and other plant. 

One man in charge of physic cupola. 

One man at crucible furnace. 
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Three men patching, repairing, and operating ladles. 

One man at jih crane and part wages of man on overhead crane. 
One foreman “ blower.” 






Fig. 112 .— General Arrangement of Two 2 -ton Surface-blown Converter Plant. 


Total wages for one week.^35 

Steel produced in ladle in one week.... 160 tons. 
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^ X 20 , , 

l.ost per ton oi stc'cl — ' ' = I'’ 45'' 

Addinu; 50 per cent, as part exjK'nses of cliennst and inanaeement = is. i^.I. 
per ton. 'I'iie total cost of labour per ton of Ibpiid steel = bit 



Front Elevation 
I'll. 112. 


Cost of Power .\ssuinini,' the e ist of i'i*rrent at the switi lihoaid to be \.l 
per unit, the co.st ol poivei is as follows: — 

('urreiit coiisuined per week, iiieliiilin^' oveiliead eleetiie eraiie - | |.So units 
= 28 units per ton of steel. 

I ,/ 

28 units ® \il. unit. 12 per ton. 

fuel and water for crane . . . . o 11 „ 

Cost of power [Kir ton of liquid steel t q', 

Cost of Raw Materials. —Usine the same proportions ol r.nv inateiials as 
given on p. 217, and ailopting the same prices, the total cost ol raw iii.iterials 
used in producing 160 tons ol liquid steel = ^588 ryr 2,/ 

Cost of raw inateiials per ton of liquid steel in ladle = f i p. SJ. 
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Summary of Costs 

Cost of plant, £6000. 

Depreciation and interest.... 

Repairs and stores. 

Fuel. 

Labour + 50 % for management . 

Power. 

Raw materials. 


L r. 

o 2 
o 4 
0 4 
0 6 
o t 

3 13 


L 

6 

6 

7 

3i 

8 


Total cost per ton of liquid steel. . . ^4 12 8 


2 -Ton Converter Plant with One Converter. 

In comparing the one 2-ton converter plant shown in Fig. 113 with the 
plant illustrated in Fig. 112, the general features in the design remain the same, 
and equal accuracy is observed in the construction and working of the details of 
the plant. There are, of course, other designs of plants (some of which are 
described later) used in foundries where it is not considered necessary to weigh 
the molten metal from the cupola, and where it is found convenient to have the 
cupola on the same floor-level as the converter. 

Output and Coat of Plant.—The capacity of the plant enumerated below 
is based on the same output per converter as the two plants previously described, 
namely, 14 heats per day of 10 hours, each heat having an average weight of 
2 tons. As one converter only is used! it is in operation but 3 days per week, 
every alternative d.ay being employed in patching and repairing the lining. The 
weekly output of liquid steel amounts to 84 tons, and can be used for castings 
weighing from a few lbs. to 4 tons each. 

The approximate cost of plant shown in Fig. 113, including the following 
items, is ^^3500. 

One 2-ton converter. 

One cupola. . 

One high-pressure blower. 

One low-pressure blower or fan. 

One electric hoist. 

One weighbridge for weighing raw materials. 

One weighing machine for weighing molten metal. 

One ladle for weighing machine. 

One high-speed jib crane. 

One overhead electric crane. 

All structural steelwork, including staging and roofing for cupolas. 

One hood and chimney for converter-. 

One crucible coke-fired melting furnace, with three 2-pot holes. 

One small physic cupola. 

One small heating furnace. 

One 6-ton and three 3-ton ladles. 

One blower house. 

All electrical and mechanical equipment complete. 

All blast pipes, spouts, chutes, etc. 

All foundations, brickwork, etc., complete. 

The whole plant erected and set to work. 

Although one converter only is used, the items of plant are tire same size as 
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in the j-ton converter plant with 4 converters, except in the case of the overhead 
electric travelling crane, which is made lighter, to suit the load. No generating 
plant is included, it being assumed that the electric current is supplied to the 
switchboard from an outside source. 



FlO, 113.—Atrangoiinj^t t.f One 2-lon Surface.blown Converter I'laiit. 


Annual charge for depreciation on plant:— 

L ’■ d. 

Complete steel plant, except buildings, ( 3 ) to - 250 o o 


Buildings. £ (tit, 5%= 15 00 

Foundations, etc. £ < 3 j 2I % = 17 10 o 


Annual charge for depreciation .... ^282 10 o 


Interest on capital outlay, ^3500 @ 5 % = /'JTS 

Annual charge for depreciation and interest = ^^457 
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The output of liquid steel per year = 84 (tons per week) x 48 (working 
weeks) = 4032 tons. 


/. Total charge for depreciation and interest per ton of liquid steel 


_ /457 loJ. 
4032 


zs. i\d. 


Working Costs {per Ton of Liquid Steel for Carbon Steel Castings) 

Cost of Repairs and Stores.—The same items are included in these costs as 
in the larger plants previously considered. The prices of the materials are also 
taken at the same figures. 

Average cost of materials, labour, and stores per ton of liquid steel = 5X. 

Cost of Fuel.—The consumption of coke per ton is about the same as in the 
2-ton converter plant wfeh 2 converters, namely, 4 cwts., and at a price of 
2S. (id. ])er ton the cost of fuel per ton of Kquid steel = 4,r. 6 d. 

Cost of Labour.—The men employed are as follows 

Two converter men. , 

One cupola attendant. 

One „ charger. 

Three „ charge wheelers. 

One man in charge of blowers and other plant. 

One man in charge of physic cupola. 

One man at crucible furnace. 

Two men patching, repairing, and operating ladles. 

One man at jib crane, and part wages of man on overhead crane. 

One foreman “ blower " 

It will be observed that the same number of men are employed for 3 days of the 
week while the conveiter is in operation, as in the case of the double plant, with 
the exception of the cuirola charge wheelers and the ladle men. The reduction 
in the number of charge wheelers is made possible by their being able to get 
several charges upon the cupola stage during the days when the repairs are 
effected. The ladle men are alsq reduced in number, because they have more 
time available for repairs when the plant is not in operation. 

Intermittent working of plant always increases the labour bill. Instead of 
patching and repairing the converter and cupola during the night, as in the case 
of the double and larger plants, this is done during the day by the converter 
and cupola men. The remainder of the men are found general labouring work 
in the, foundry, but the duties are not regular, and it often amounts to a highly 
jiaid labourer being employed on a class of work of a lower value. 

Wages per week charged to steel plant . . . . 

Steel produced in one week ......... 84 tons. 

, 21 X 20 

Cost per ton of steel = —— = ss. 

Adding 50% as part expenses of chemist and management = 2f. 6 d. per ton. 

The total cost of labour per ton of liquid steel = js. (sd. 

Cost of Power.—Assuming the cost of current at the switchboard at \d} per 
B.O.T. unit as before, the cost of power is as follows:— 

* The price is kept the same for the sake ol comparison, but in small steel foundries where 
some plants are installed, the current consumed in other parts of the works is not sufficient to 
allow of the total consumption being produced or purchased under J /, per B.O.'l'. unit. 
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Current cotisuineil jkt week, includini' overlie.id electric er.ine, = 2352 units 
= 2S units per ton of steel. 

S ./. 

2.S units Cl J/. unit.1 2 per ton. 

I-'iuI .ind w.lti I foi rMtic.02 ,, 

Cost of power jier ton of Iniiiid steel = 1 | ,, 

Cost of Raw Materials I'.ikine the pin es ot the raw m.ili n.ils .IS Ik fore, 
and iisine llie s.inie |uopoilioiis, the tol.il 1 ost of law iii.il( 11. ds loi ,S ( tons of 
liijuid steel - .S. 

t.'osl oi r.iw in.'iteilals per ton ol li-jiiid steel -- /, ; iji. X./. 


Summary of Costs 

Cost of pl.int, /';p o 

* /. r 

J tepieri.Uion and intents'. .♦.02 

Kep.iiis and stoo s . . . . . o ^ ^ 

f'lU 1 .• . . . .1(0 

l..ilioiir f 50 ',, lor ni.ina(;i 111. Ill ... . o j 0 

I'owi r ... ... . o 1 ( 

Raw ni.'iteri.ils .... , . . . . j ; .S 


'I'olal ( ost |iei ton of Iniiiid steel . . . / ( i( ; 


General Conclusions, 
foregoing pl.ints is: 


The cost ol^lniiiid stiel in the ladle fioni the three 
/; ' 


2 ton (imvi rler phnl with .( foini iti rs . . . .( 0 10 pei Ion. 

■ 1 !.■ .S „ 

,, ,, I c onveiti r . t ' I ii .. 


It will be observed that the saving in the i ost pel Ion of li.piid steel piodiieed 
by the foiii eonveitei | Lint over that prodiued hy the two coiiveitei (.laiit is not 
eery inin Ir, since the output per coneerli r^s the same in each pi,ml. 'i'he 
principal advantage gained in working the l.irgi 1 plants is th.it the i ost of labour 
per ton is reduced, and in addition there aie also minor savings in the cost of 
repairs, fuel, and power. 

Ill each of the ihiee plants coni|iared, the lOst of steel produced hy them has 
been based upon an output of the s.inie amount from euh conviiler, and the 
jiricos of the raw mateiials and mivtures have been the same, fourteen heals 
per converter jier d.iy for the working yiar may he n gaoled .is a good oiilpul. 
Unfoitunatel), many ste el foundries are not favoured all the yi .ir roiilid with 
orders for steel i astings whi»h |ierniit of such a ri giilai Ilou I hey aie more 
often either too full ol work to deliver goods reiiuin d by i iistoim is, or tin y are 
so “slack” that it is necessary to run the steel plant cveiy .dti male day ol the 
week. 

When a foundry is very busy, it is (lossihic to obtain as many as i.S heats per 
day from one converter, hut tlms means consideiahle ovcitinic^ for tlie 1 upola and 
converter men. The lining of the converter is also [lumshed severely when 
working at tins rale, making the necessary |.alching very thick, and conseiiuently 
less secure, and hence shortening the life of the lining and tuyeres. 'Ihe saving 
g.iined by the increased output under siii.h cirenmstam es is not always a|)preciable 
in the cost of steel ])er ton in the ladle, although in other respects rapid oulinit 
always has its advant.iges. 


Q 
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Comparison of Costs.— Below a comparison is made of Ihe cost of steel 
produced by each of the plants referred to when making aq average of lo heats 
per day instead of 14. In the comparison, the raw materials, stores, and wages 
of the men employed are taken at the same values. 


2-Ton Converter I’lant with four Converters 


Cost of plant, ;^io,ooo. 


14 heals por (hy. 


Depreciation and interest.0 r 9 

Repairs and stores .040 

Fuel. ... 0 3 III, 

Labour + 50% for manageuieiu . . . 0 5 ri 

Power.013 

Raw materials. 3138 


Total 


£\ 9 10 


2-Ton Converter Plant svith two Converters 


Cost of plant, J^booo. 


Depreciation and interest . . . 
Repairs and stores ... 

Fuel. 

Labour + 50% for management . 

Power . 

Raw materials. 


14 heals per (lay, 

£ -f- 

. o 2 ij 

. 046 

. 046 

.067 
■ ° I 

• ,3 '3 « 


Total . . yj.\ 12 8 


10 heals per day. 
£ s. d. 
023 
0 5 o 

046 
0 6 
014 
3 13 8 

£a 13 3i 


10 heals per day. 
£ -f- 

026 
o 5 6 

049 
o 7 I 1 
014 
3 >3 8 

/'t '5 8 


2-Ton Converter Plant with one ConVetter 


Cost of plant, ^^3500. 


14 ht.Mls per tlay 


Depreciation and interest.o 2 3^ 

Repairs and stores.050 

Fuel.046 

Labour + 50% for management ... 0 7 6 

Power.014 

Raw materials.3 '3 8 


10 heats per d.iy. 

£ r 

° .5 3 

o 5 9 

049 
090 
o 1 41V 

3 13 8' 


Total . . 4L4 14 3 i £a 17 9 i 
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co.\\'i-i;ter rlams for sm.wj. fouxdriks 

lit.ssKMfK (ilants of small ca]>acity arc hfcoimii" inrn.asinj’ly popular in 
small steel aiul malleable iron foundries, as well as m the large inanulaeturing 
works where many small steel eastings are reipiiiei^ 'I'lii' cost ot steil pro¬ 
duced in these small plants is consideiably liigliei than when steel is made in 
say 2- or j-ton conserters, but the convenieiiee ol lu ing able to make eastings 
as reijuired instead of being disappointed or delayed with bad deliseries is con¬ 
sidered by some nftiuilaeturers sullirieiit giound for installing tin se small plants. 

The half ton coinerter. or as it is sometimes ealb d the " b.iby ” converter, 
IS most freipieiitly mst.illed by mamil.actnrers refiireil to above, ,ind sometimes 
by larger steel loundries as an adjimet to then larger plant. Sues between 
•J ton and 2 tons are found in several foiindiies. 

i-Ti).\ .SunPAcb-lii.ovk'N Co.NV i:kti;i; ri,.\,N'r 

General Description, -One-ton |ilants are di signed ami conslruoted after 
the nianner illustrated 111 big. 1 r.(, having cupola fixed upon a raisul |)latfi)rm 
behind the converter, and also ns shown 111 big. 115, with ciipol 1 and converter 
on the same ground-level. This latter practiie is not uncommon, finding 
favour 111 Contmeiilal and American foimdries, as well as 111 tins 1 oiiiitiy. The 
choice of arrangement of ] 4 arit is often dele riiiiiud hy the i ondilions and con¬ 
venience of the foundry and site where the pl.^iit is to he inslalled. Where the 
cupola can be mounted on a stage, it is easier to run the meltid metal direct to 
converter along a chute, or, as is done 111 most modeiii pl.iiits, alter lirst weighing 
it upon the stage. When the cupola is on the ground, the metal has to be 
tapjxid into a ladle and then transferred to the i onveiter. The initial cost of 
the latter plant is less, but the cost of steel prodiii ed by both is appioximately 
the same. 

As an alternative to the designs shown in bigs, ii.} and 115, the high- 
pressure blower may be arranged to serve both the converter and the.cupola, 
a branch jiipe being taken fiom the converter air mam to the ciiiiola, as shown 
in big. ii6, p. 230. This ])rflctice, however, ij wasteful, as the larger blower is 
doing the work of a low [iressure blower or fan during part of the time of steel 
making. In both installations the converters are lipped by means of an electric 
motor. Where it is not convenient to have elecliie power, hydraulic lipping 
is arranged. 

Sometimes the blowers are belt driven or steam driven instead of being 
coujrled to an electric motor. .Steam is not inirequeiilly used for the hoist, and 
hydraulic lifts arc also common in steel foundry praitire. bheso are details 
which are arranged according to conditions. .Much, however, can he said in 
favour of electrical equipment throughout. In neither of the plants is a 
crucible furmace shown for melting the physio, hut this is included in the cost 
of the plant. 
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Operation of the Plant.—The plant is worked every alternate day, as it is 
necessary to patch and repair both converter and cu[K)la the day following steel 
making. The scipience of the operation of a i-ton plant is the same as in 



Front Elevation ^ End Elevation 



Flc. 114 —Arrangement of One l-ton Snrface-hlown Converter Plant. 

Cuiwl.i on staging. 

larger plants already described in Chapter XX. The average duration of the 
blow is, however, somewhat less. 

Output and Cost of Plant.^—Working either of the plants shown in Figs. 114 
and J15 to an average maximum output, 14 heats of i-lon each could be 
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obtained durmj; a d.iy of 10 hours. This is ccumI to 43 Ions of lii|iii(l vticl |'(‘i 
week, and ai>iiro\in).itcIy 3000 tons per year of .|S workmj; weeks, which will he 
taken as the output. 


.n 



Front ei«vation End Elevation 



»» 

Plan 

Fig. 115 .—nu n( r-l-I-.w n C'‘nvfTirt I I.int. 

( iiptdl.i "n fl-'or-l' '<.'). 

The items included in the cost of the plant, whi<'l> is ajtproximalely 
arc as follows:— . , 

One i-ton converter, mounted on pedestals with rolkr bearings, arrangeci 
with tipping gear operated by electric motor and with hand turning gear, 
together with the necessary electric controller and switch. 

One specially designed rapid melting cupola, with all the necessary pipes, 
valves and gauges. 
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One high-pressure Roots’ blower to supply the necessary blast to the con¬ 
verter through cast-iron pipes and valves coupled to them. Motor and 
electrical e(|uipment also included. 



I'10. iiO.—Air.ingcmcnt of Ono Mon .Siirf.l^c Mown Cimvorler ri.ui' uuli one Illoncr 
servin’^ C'lnvcrUr aii<l Cupula. 

One fan for cupola, coupled direct to motor. 

One electric bit, complete. 

One weighbridge for raw materials. 

Staging lor cupola, suitably cinered, anil all stnicliiral litimgs. 

One hood and chimney for converter. 

One coke firocl criiciblc nieltiitg fiiiiiaie, «ilh one .( pot melting bole. 

One overhead electiic crane (half value im bided). 

'I'lirec 3o-cwt. ladles. 

Illowci house with the necessary suiiehboaid and electrical e(|uipnient. 

All wiring, switches, staiters, and eleetiical accessories. 

All blast pijies, spouts, chute.s, slag ami coke pans, tools, etc. 

All brickwork, coiurele toundations, pits, linings for converters, cupolas, 
and ladles. 

The whole plant erected complete and set to work. 

Allowing a depreciation of lo per cent, on th; complete steel jilant, 5 per 
cent, on the buildings, and 2^ per cent, on the foundations, the annual charge 
for depreciation is ; — 

,{(1650 111 ’ III",', . , . . /Cibj 

,{,'100 (if 5"(i ... . 5 

£100 ,11 a.J'.’i . . . 5 

Total . . pTiys 

Interest on £ii)^o ($, .^97 10 o 

Annual charge for depreciation and interest £272 10 o 
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Willi an output of jooo tons of liquiil steel [lor year, the cliarne (or 
. > y -’7a rot. x :o „. , , , ■ , „ 

depreciation and interest = 2000 ' ” 


C'l'j/j (/'iT 7\'ri of Fiqtihl S/e,! for Ciul-on S/,,! (',!\/i\q\) 

Coat of Repairs and Stores.—The repairs include all materials and lalioiir 
expended in patchiii;; e’oinerli r, i iipola, ladles, rluites, and eriieilde furnace, 
rehiiiiig (onverter .iinl eii|Hila ixiriodic illy, all iiierhameal and electrical rejiaii.s, 
and tools used about the plant. The stores inehule all items rcpiired. 

The averaije cost of repairs and stores, iiicludiin; l.ihoiir and materials 
= 71. (>,/. ]ier ton of Iniiiid steel 

Cost of Fuel. - I he aiera^e vie ieht of coke used 111 lu'atini; the iiipola, 
coiueiter, and eriieihle (iiniace, and 111 mcliiii;’ mate’nals -- 1 wis. pel ton. 

Taking coke at 22,. U! ju r ton, the cost of (md per ti^i of leiuid steel -- 51. 7^1/. 
Coat of Labour. - I he lollonjnf,' meji aie iciiiiireel, -- 
(hie coiueiter man, 

(hie (upol.vaiid lilowtr attciidaiiL 
One cupola eh.ireer 
Two t harne win elers 
One man at erueihle furnace. 

'I'wo men at ladles. 

( hie “ blower." 

I'.iit wai;es of one man on ovcilnad crane. 

Total wages for time eiiiploye^l diiiiiii; we, k . ,^10 i j o 

Steel I'roduced in ladle during one wei k — 42 tons 
Cost of labour per ton of hi|Uid steel = 51. i./ 

Addin;; ;o ].ercent. as jiart expenses of chemist and niaiiagement ~ 2, ^i\,/, 
the total cost of labour jier ton of liipiid slec 1 - 70 7j,/ 

Coat of Power. With Iiirreiit supplied at the .switi hhoaid at *,</. per unit, 
the cost IS as follows. - - 


Current consumed dining week e: 1344 units 

Cost of power - ' ' ^ n. 4,/ p( r ton of steel. 


Cost of Raw Materials. Taking the cost of raw ni.ilerials as before, ,ind 
usillf! the same mixtun s, the price per ton of steel in ladle - 5 1 (( 8,/ It 
should he remembered, howeser, that |iig iron and scra|i i .iiiiiot as a rule be 
purchased at the same prices per ton 111 small parcels as in larger <)tiaiituies, and in 
loimdiii’s where railway iruiks cannot conveniently disi barge materials into the 
slock) ard, the cost of raw material per ton is nil re.ised due to the extra handling. 
The same puce is taken in this cost as before foi the sake ol coiiipaiisoii. 


Summary of Co'sts 

Cost of plant, ;^i95o. 

Depreciation and interest . 

Repairs and .stores . . 

Fuel ... 

Labour -p 50% (or managenient . 
Power ...... 

Raw materials. 


/ ' ■/ 
o 2 X t 
o 7 ti 
O'! 7 i 
o 7 7i 
0 I 4 

3 C? « 


Total cost per ton of liijuid steel f.-i t8 5^ 
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Costs with Varying Outputs 

The following l.ililc gives the costs per ton of liquid steel wlieii the foregoing 
[jiant IS worked on 14, 10, and 6 heats every alternate day, giving 42, 30, and 
18 tons of steel |)er week res|ierlivcly : — 


of phiut, 

])cprci.i.iUi'ii .in'i iiilcrcst . 

Repairs an<l slores. 

Fuel . . 

I.aliourH 50% for martaj,M iiieni . 

I’owtf. 

K.iw malennK ... 

<a)st (XT (on (tf lupud.slcol . 


Mlu 

its 

! *' 

yJic. 

lIs 

i ^ 

111 

ti. 


.( 

c 

1 

ii 


/ 

d 

t 

Si 


3 



6 

4 

7 

6 


8 

0 


9 

6 

5 



6 

0 


h 

6 

7 

1 

“i 

4 


9 

1 

(} 


11 

f 

0 

8 

3 ‘3 

8 

3 

>3 

s 

3 

>3 

8 

4 18 

Si 

5 

2 

5i 

: 5 

S 

8 


Smai.l Hksskmrr C()NvifRTi:i{s—G kkman Uractick 

ffio/v//;,’ t'ei/f 

Mr. K. (lehauer of Uerlin has sent the following particulars, cvlnch hate been 
obtained from (lernian pmclice. it will lie ohseited that the prices of the law 
materials dilTer Iroin those iqion which all the jirevious calculations are based. 
'I'heii again, one day’s out[iut is compared, not one week’.s, and certain items of 
expenditure in connection with cranes and ladles are not included. The 
following details are given 

liurtlen of cupola and converter.400 cuts. 

(lutpiit.—12 charges of 27 cwts. . .... 324 ,, 

].OSS and waste in cupola and coiivi.ltd ... 76 „ (19",',). 


54 cwts. steel scrap Q' 5°'. per ton ... .... 

(ferro-manganese («; 1751. per toni 

0 (Wts. \f^.r[(,,5|]|con room per ton /. 

48 cwts. coke for ciiiiolas (12% of chaige)| , , 

10 cwts. coke for heating converter | “ ' ‘ 

400 cwt. burden / 

Electric power for converter (if 2,f. 6,/. ]ier chaige . 

,, „ cupola . . . 

Repairing of converter. . . 

Wages;—1 foienian. . ... 

I nielter for cupola.. . 

1 workman for cupola. 

2 workmen for converter ...... 

I workm.in ,, (unskilled labour) 

1 „ ., striker .... 

2 men for carrying iron. 

I man ,, coke. 

I engineer ... . 

I bricklayer . . . 

5% interest and 10% depreciation on 2000 charges 


•. Cost of 324 cwts. of molten steel . . . . 
Cost per ton of molten steel = ;,f^4 i8r. vid. 


L 

s. 

ii . 

9 ) 

10 

0 

6 

'5 

0 


12 

0 

3 

3 

9 

.■ 7 “ 

0 

9 

1 

to 

0 

0 

6 

0 

I 

6 

0 

0 

to 

0 

0 

5 

0 

0 

4 

0 

0 

■S 

0 

0 

3 

0 

0 

1 

0 

0 

8 

0 

0 

4 

0 

0 

4 

0 

0 

4 

0 

2 


0 

,'80 

I 
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One-ton Zenses Converter. With a onc ioi» surface-blown Ik'ssi nier plant 
having inodiikMUons m design .ukI operation apjjlicd liy Mr. A. /en/cs, ho 
tsiiinatcs' the cost of molkn bicel in the ladle as lolKms, I'.iscd upon an output 
of five heats pt r ila) and uoiking throe da>N [kt wcik. 

Raw materials; — 

/: * 

10 q tons hematile p)g a / } per ton.poo 

4 5 (oils sletl scrap a ^j pt I i<>n . . . . . . 1 t 10 o 

15 tons charged .55 

j 7 tons hiss in iup<*la and coiucrler “ iH",,. 

12 \ tons ot li«pnd steel in converter. 

Kuo! Used . 

I I ton «t)ke for healing ni[><>la 
I I ,, < oin( Iter and ladles , 

15 iiu Iting pi ciipt^la (10",, ol ( hargi-) 

\ 7 tons a^: p pi r ton .... 

o o p. Ill Imu stoiK* per Ion ot (li.iige 
o () p ton pig .idditions . . . . 

o I ton leiro manganese. 

Rower - 

Cost of power for ronveiter blast 

.. cupola blast .... 

k< paiis to ttipola and ('onvcitir. 

Wages of foreman and labour . *. 


1 S 10 

u s o 
21s -i 
> 5 o 

I 10 o 
o 7 
I s 0 
110 o 


'Total cost .... yji^ 16 M 


'Total weight of sti'i l in ladle — 13 o.j tons 
jur ton ot lupiid sic«1 -- 50 7-/. 

In the above cost, depredation of plant and interest on capital arc not 
inchuied. 


ONK IIaM-'-TOX StJKKAr IMtI.dWN CONVKKTKK TTANT 

General Description.- In small plants, often termed “hnby" converters 
because of tlieir si/e, many of (he Matures of the larger plants are found. 'The 
(onverter rests upon {x.desinl bearings, an 1 the Upping is done, as a rule, by 
means of a h.andwheel o[)eraling suitaidc reduction gear, instead of hy electric 
or hydraulic power, allbough in some cases the converter is tipped h^ power. 
The converters are .so sm.dl that tliey can l»e lilted from their bearings after the 
charge has been “ blown,” alid the contents j)oured dire< t into a mould. 'J'hi.s 
is not commonly pra* lised unless Uie overhead cranes are suttidcntly powerful 
to lift converter and < barge. It is more often found that the steel is jioured 
from them into shanks and cairied to the moulds, hence there is no necessity for 
a heavy overhead crane. The cupola for melting the cliarge may be placed on 
the Hoor-level near to the converter, as is usually done, or it may be mounted 
upon a stage. The small high-prcs.sure blower for the converter and the fan for 
the cupola are of the ordinary tyix.*s already described. 'I'hesc are usually placed 
as near to the cupola and converter as convenience will [>crmit. 

Operation of the Plant.—Figs. 117, 118, 119 and 120 arc photographs of a 
half-ton Tropenas converter in operation. Fig. 117 shows the charge being 
* “ Foundry Trade Journal,” 1911, p. 700* 
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tipped from a ladle into the converter. An overhead crane is employed for 
carrying the molten iron in the ladle from the converter, and in Fig. 118 the 
flame is seen issuing from the converter, showing the progress of the blow, 
which lasts from ten to twenty minutes according to the temperature and nature 
of the iron trcMted. Figs. 119 and 120 illustrate two methods of taking steel 
from the converter. In one instance a ladle suspended from an overhead crane 
is about to take the whole cliarge ; in the other, the liquid steel is being poured 
into small shanks. It will he observed that in Fig. 120, the mouth of the con¬ 
verter is partially closed with g.inister held in position by a cross bar and idate, 
the steel passing through a small hole into the shanks. This prevents slag from 
mixing with the steel imdiily, and enables the use of narrow-mouthed shanks for 
steel distribution. 

Output and Cost of Plant. -The output obtained from a half-ton plant such 
as is illustrated, is 12 heats in 10 hours, and by working every alternate day, 
18 tons of steel could la; obtained per week, or 864 tons of liquid steel 
per year. , . 

The approximate cost of the plant is ^1100, and includes the following 
items . 

One converter, having pedestals with roller bearings and arranged with hand 
tipping gear only. 

One high-pressure blower for supplying the blast to the converter and 
coupled direct with electric motor. All jiqies and valves between blower 
and converter supplied. 

A specially-designed cu|)ola for melting iron and steel scrap. 

One fan for cupola—motor driven. 

One coke-lired crucible melting furnace, with one 2-pot hole for melting 
physic. . 

One weighing machine for charges. 

Two 15-cwt. ladles. 

One overhead electric crane (half cost). 

One hood and chimney for converter. 

Structural steelwork, including st.aging for cupola and suitable roofing. 

Iflowcr house with the necessary switchbo.ird ei|uipment. 

All nei essary pi[ies, valves, etc,, .and electrical equipment. 

All brickwork, concrete found.ations, pit, lining for converter and cujiola. 

'I'he whole plant erected complete and set to work. 

Allowing a depreciation of 10 [icr cent, on the complete steel plant, 5 per 
cent, on the buildings, and aj |)cr cent, on the foundations, the .annual charge 


for depreciation is .— 

£ r. d. 

£,f)$o {if'. 10 .95 ° ° 

* i.,50 5 '.’ll. 2100 

;^'lOO (U> 2j% f ■ 2 10 0 

Total . .100 0 o 

Interest on 100 @ 5%. 55 ° ° 

Total annual charge . . ^'155 0 0 


With an output of liquid steel of 864 tons per year, the charge for depreciation 
= = 3*- *0" of litjuid steel. 


and interest 
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U'oitiiig Costs (Rer Ton of LijuiJ SUd for Cotbon Steel Costings) 

Cost of Repairs and Stores. — I'lie linings of tlicsc small converters are 
sometimes rammed »itli a higlily refractory sand com|iosilioii, but it is doubtful 
if the cost of repairs is thereby reduced. The cost below is based^011 the use 
of silica brick lining and the usual ganister for patclimg. .Ml items of repair 
about the cuiKila, converter, crucible fiirn.ice and l.ulles are included, and all 
mechanical and electrical repairs, togetlier with the necessary stores, f'ost of 
labour and materials per ton of steel m ladle — .Sr. (i,i. 

Cost of Fuel.- -The average weight of coke used in beating the cupola, 
converter, and crucible furnace, and in nulling nialeri.ils, is cipial to gj cwts. per 
ton of steel in ladle. Taking the price of coke at sis. 6./. per ton, the cost of 
fuel [K'r ton of Inpiid steel = lu. i.i. 

Cost of Labour 'I'be labour reijinred includes the following : — 

One converter man. • 

One < u)Hi|a man, • , 

One ( barge wheeler. 

Two men at laiiles and crucible furnace. 

(Ine “ blower." 

I'art wages of man at ova rhead crane. 

Total wages for time emploveil during weik, ff .jr. 

Steel produced m ladle during one vvn k, iS tons. 

.'. t 'ost of labour per ton of Iniuid steel = .Sj. 

Adding 50 per cent, for [lart expenses of chemist and management, the 
total cost = \2S. per ton. ^ 

Cost of Power.~On the assum|ition that ebclrie current can be supplied at 
the switcbboaid at Ji/. |)er unit, the cost is as follows - 

t’urrent consumed during week, 600 Hints — 1 (. 5,/. per ton of steel. 

Cost of Haw Materials.— Calculating upon an i.S per 1 cut. waste during the 
process of melting and conversion, and with pig iron at 65. and scraf) at 5or. 
per ton, the cost ot raw materials and physic per ton of steel in ladle, using 
30 pel cent, scraji (hargts, = _/,'3 171. (>./. 


Summary of foists 
Cost of plant, /,'i roo. 

f. d. 

Peprcciation and interest.o \ ^ 

Repairs and stores. ... o K ti 

Fuel ... . .,..062 

laibour 4- 50 per cent, for management . . o 12 o 

Rower . . . . ...015* 

Raw materials . ^. . . . . . . ? 17 6 

Total cost per ton of Iniuid steel ■ ■ fS 


Trorenas "Baby" COnvektkk 1 ’i.ant 

Cost of Steel per Ton. —The following costs have been suiiplied by the 
Tropenas Converter Co., New York, and are based n))on a converter of 
1000 lbs. capacity, working 2 days only per week and prodin ing 12 heats per 
day. No furnace is u.sed for melting the additions added to the charge after the 
blow, the physic being added in the solid state. This, of course, is a common 
practice in this country when making steels of low carbon content. Rven then 
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it is always advisable to heat the fcrro-manganesc before putting it into the 
charge, as there is otherwise a danger of lowering the temperature of tlie steel 
too much. 

Analysis of pig iron used :— 

Carbon.3-8 to 4-5 % 

Silicon. O5toro% 

Manganese. fStogo;:' 

Phosphorus.o'o6 % 

Sulphur .... . 0-05 (maximum). 


)f production:— 

/. 

/. 

d. 

9700 lbs. pig iron @ gyr. bd. per ton . . . . 

18 

10 

10 

4900 lbs. steel scrap («; bis. bd. per ton . 

6 

17 

6 

2100 lbs. coke for cupola (i 4 ibs. Sd. per ton . 

0 

15 

7} 

f)2o Ibs. limestoijp (11) los. 5 d. per ton . . . . 

0 

8 

4 

One man and helper for cupola. 

0 

16 

8 

to h.p. for cupola blower (ii) 2'/. per k.w. hour. 

0 

7 

I t 

300 Ibs. coke for converter .... . . 

0 

2 

6 

30 h.p. for 3 hours for converter blower fa) 2]!. 
per k.w. hour. 

0 

14 

2 

One man and helper on converter. 

0 

iS 

9 

1460 lbs. ferro-silicon (i?, ii6(. Sd. per ton . . 

4 

.s 

5 

216 lbs. ferro-manganese (n'l iSyt. 6 d. per ton . 

I 

0 


Aluminium. ... 

0 

2 

ri 

l.inings for cupola and converter . . . . 

I 

0 

10 

Tower for elevator and tilting converter . . 

0 

4 

7 

General expenses of iiiamifacturing. 

5 

4 

2 

Total . . 

/4I 

.s 

5 


The cost of liquid steel in l.idle = ^(6 ryt. y,/. pcr.\merican ton (3000 lbs.), 
or £>1 14c. b</. i)or linglish ton. 

It will be observed that the prices per ton of pig iron and scrap are much 
higher than the English prices up;'.n which all the otiiei costs have been based. 
The price likewise does not include charge for depreciation of plant and interest 
on capital. 

The Stock Patent Oil-Imred Converter. 

General Deeeription.—The special outstanding features of the .Stock con¬ 
verter are found in the use of the converter vessel for melting the charge, instead 
of the cupola or other melting furnace; and in using hot blast in the conversion 
of the metal when melted, the blast being heated by the waste gases from the 
fuel used during the process of melting. T’ho em])«oymeiit of oil for melting is 
also an important feature, inasmuch as no sulphur is inijiaited to the material 
during nieltmg, as is the case when pig iron and scrap are melted in the cujiola 
with coke as fuel. 

The plant consists of one converter mounted upon pedestals with roller 
bearings, which are fixed to a turntable capable of rotation in a hori/ontal 
plane. The movement of the turnEable and the tipping of the converter are 
both obtained by means of electric motors operating through suitable gearing. 
The 3-ton converter has one single row of teveres, seven in number, each 
I j inches diameter. The blast box is so arranged that the seven oil jets can be 
fixed in the tuyeres ready for use in less than one minute. When the melting is 
completed they can be removed from the tuyeres and the plugs put into the 
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blast-box cover and the converter placed for blowing, in less than two minute 
The converter is lined with silica bricks in the ordinary way. 

One high-pressure blower of the Roots’ type is used for supplying the a 
for melting and converting. It is coupled direct to an electric motor mounte 
upon an extension of the blower bedplate. Instead of the pipes being carrie 
from the blower direct to the converter, they arc coupled to a series of pi[H 
arranged in a brick chamber wbicb receives the waste beat from the convertr 
during tbe melting process on its way to the chimney. The other end of tl: 
scries of pipes is connected with the converter. 

The beating chamber bears a strong likeness to a ('.rcen’s liconomiser, bi 
instead of water passing through the pi|)cs to feed the boiler, air is passe 
through them for the converter. The construction of the pipes and joints i 
the heating chamber allows for liberal expansion and contraction due to tli 
change of temperature. At the mouth of the chamber where the gases enter, 
wall of chequered brickwork is placed, and in this manner a good teinperatui 
is maintained just where the air enters the heated /one on its way to the cot 
verter. Tbe temperature of the air as it enters the converter is raised by th 
means to about 260" 

In the general arrangement * of the jilant, shown in h'lg. r 21, it will lie observe 
that the oil storage tank or reservoir is placed near the blower housce It 
convenient to ])lace the tank in [iroximity to the railway siding to facilitate loac 
ing and unloading supplies of oil. The oil is pumped from the tank to the cot 
verter vessel through suitable pipes and v.alves termin.uing in a Ilexible tubi 
which is connected to the oil burners fixed in the blast box of the converter. 

The electric and blast controlling gear are placed in the blower house withi 
easy reach of the operator while he is rOtching the blow. 

Optration of the I'lant 

Heating the Converter.—As the melting of the jiig iron and scrap is carrie 
out in the converter, it is necessary to heat the vessel before charging the ra 
materials. This is done in tbe usual way by lighting a wood and coke fire an 
allowing the brick lining to become hot. The coke is then removed, the 0 
jets introduced, and the blower s-.arted. A pressure of air of about J lb. to 11 
per square inch is applied during the heating, which usually takes about on 
hour. The temperaluie of the vessel after one hour’s heating is from 1500 t 
i6oo degs. C. The oil consumed during the hour is about 50 to 55 gallons. IXiriii 
the oper.ation the converter is lying in the horizontal position with the hot gast 
issuing from its mouth into the heating chamber. 

Charging the Raw Materials.—The materials are charged into the cot 
verter while it is lying in the horizontal position at right angles to tbe blowin 
position. Three men are employed for the operation- one man holds a 
ordinary “peel,” which rests on a bar fi.xed across the mouth of the convertc 
and which he pushes forwaid with the pig iron placed upon it alternately by tli 
other two men. Only six minutes are taken to charge about 45 ewts. Aft< 
charging, the converter is turned round its vertical axis with its mouth in lin 
with the heating chamber, and the melting is commenced. 

Melting,—The pressure of air used during melting is about 2 lb. per squar 
inch, and the oil consumed about 30 gallons per ton of material melted. Durin 
the process it is usual to turn the vessel round in order to examine the charg 
and stir the metal when it becomes fluid. The time taken in melting is froi 
li to i| hours for 45 ewts. of pig iron. Immediately the melting is completec 
the oil jets are removed from the blast box, tbe vessel tilted, the level of th 
‘ llluslrated b) kind permi;»sion of Messrs. Tluvailcs Bros., Ltd , Bradford* 
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melal sighted, the plug’s fixed in the blast box, and the blowing commenced; 
these operations take alioiit two minutes to complete. 

Blowing.—At the start of the blow, the air pressure is ahoiu aj lbs. jkt 
square inch, and in from 5 to 8 minut<'S, according to the tem[»eiaturc of the 
charge and its composition, the “ light " ajiiK.us. The oxidation of the silicon, 
manganese, and carbon proceeds in llie ordinary tn.inner, and the picssure varies 
from 2J to lbs j>tr s^juare inch until the l)h>u is < onijileted. I'his operation 
lasts from 18 to ^5 minutes, at tiic end nl which time the convener is turned 
down and the ph)su added in »]uantily, form, and composition accoiding to 
the quality of llie stcti requirid. 

PouriBg.—'riie stetl IS ])oured into a ladle suspended tiom an overhead 
crane, and afterwards shankcsl as rcipmed. Asa rule, its lernpeiaiute is e<jual 
to tliat of criicil)lc steel used lor llie thinnc''t cla'^ses of steel <‘.islings. The steel 
can be carried in shanks for a lonsuleiablc distance, maintaining good heat 
until the coinpi< le charge is cast. 

General Conclueione. (1) In following tlie oper.i^ioii of this plant fioin the 
healing ot tile vessel liie [Hiiiriiig of yie linished steel, llu* MinplKiiy, cleanli¬ 
ness, and tin- small amount of labour requited, are v<ry pronounced. 'I'he lapid 
mo\(“im.iil ol the itt r in llic hon/ouial and vert u a) plane iii k spouse to 

the operator's use of the elci trieal i ontrolh r, the ficcdom ol I'hullition ol slag 
during llie hiow, aiu! the ease witli whieli the ihiec nun « nqihcyi-d gel thioiigli 
their wterk, at on< e < omnu lul lh« j rocess. 

(3) When pig iron ol tlie following anal)sis is uscil m the [troKss, steel 
giving 28 to p> tons l<'narity with ^^0 per cent, elongation on a I- nelh ol 3 iiu hes 
can be re gularly obtaincel alter .imualing. 

'■'"ix’".. ,r 5 10■♦■o",', 

Silicon ... . . 3 o to 

Manganese . . .10 (o rs 

I'hosjjliorus . ... , o'ot to 

Sulphur. . o'o.j to o 

(3) '1 he (Irawhaclv to the gem ral adoption of the preniss li< s in the lime 
lakdi le) produce eac h heat. Where laig'- outputs are: leepnrcd, this ed)j< i imn 
can l)i‘ ovi re orne hy the use ol iwe) or ihue' e yuvi it<;i s, liie n hy ol^taiiiing 10 ol 
15 heals of steel respectively, inst' ad eif 5 j)( r <lay lioni the one" ('eniveiteu. 

Output and Cost of Plant ( 3 -ton Converter) ■ W ith one e onve-iier <>1 j tons 
capacity, and rjiic spare Ceiiucrtei lor use- on allefnalej days, an output lA 53 te>nb 
of Iiejuid steel per week is taken wetrkmg z Ion he ats 

I lu; cost of the! plant, including one < onverler mounte’d on rotating table 
and e.perated i)y rnotois lejr Up))ing and rotating, toge-tlui with bl-)W< r ami 
motor and all pipers, one spate vessel, oil tank, chniine y, lieHiet, wcighbrieige, 
and overhead cram; = appre)\. . . . . Tjp o • 

Jhiildings and brickwork . . ... 5e,o 

ioundalie^ns.. . . . 200 

Total . . /_ \ooo 


K 
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■ Summary of Costs 

C >. d. 

(,'hargi; for depreciation fi) io%, 5"o and 2!%, and interest ffi 5% . o ^ 5 

Repairs and stores ... . .... .090 

Fuel oil (40.^ gallons (<ij 2.i'/. gallon). ..085 

Labour+'50% for management.046 

Power for plant and crane (44 units (u; \,l. iirm).o i 10 

Raw materials (|iig, 651-. per ton and 20% of scrap (ii' 5or. per ton) -3180 
Royalty. ... 034 


Total cost per ton of liquid steel . . 9 C 

Fig. 122 shows a half-ton Stock converter being charged with cold pig iron. 



Fio, 122. -J-ton Stock Comettcr being chatged, 
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co.^rro.s///i\y <'/•* (7/.i/v<;/'.s’ Ki/r/ju //) /\/> .ix.t/.ysf:s 

rs/..s (f/' .s/'AV-:/. /x sm.u/ //aa.s/.i/a’A“ c'^.v- 

r/;A//A' yv./.\/s 

Sum. casting's Iroin a fow mitKcs to sc\^Tal loos carli, an' niaiic 

n'uularly by Miuil H<ss(tiur iaAnvtTt?*H in (.nat ibitam, (Irimany, lUlL^intn, 
branCi*, Xtinina, aiul many other i oiiiUni s. IIoi steel can he nu<ie hy tins 
[' 1(31 ess that 'M 11 {ji *\v as (asiiy as i nu ihle sti el inli > rm 3 iil(]s ol inttn ale (U si^ii 
ami ol vi.r\ llun s^^ll>)n The imreasina imiuh* i of smalt plants \shi«h are 
hein;4 installed heais testimony to then adaptahihty loi making' not «'niy steel 
for ordinary i astin^s, luit h»r doiiif; work vnIik li sc\i ral jears a}.;o \Nas eonsulered 
too diliic nil for any hut the * rm ihle pron-ss. 

Uses of Bessemer Steel Castings, .‘^mall I'.essemcr (onviittis produro 
steel for railway and tramway Irackwoik, mining, (lushing, colliery, maiine, 
h)dr;uiii(, ordnance, naval, i-l( < tru .il, ^lul g(mral ingimming steel (a.stmgs. 
It IS sonuwhu ditticult to say which class ol si.. I <ahlings (langmg in wtight 
from \ Ih. to ,10.000 Ihs.) could not he m.ulc from slet 1 pnniuc. d hy the 
Bessemer sutfac. -hlnwn jiro<\’sses. 

'I'hc fcilowing may he regarded as typual (lasses or sections m wlm h steel 
eastings may he grouped, and apjily not < 3 nly to ih<)se pr.Klu. td m the surlaee* 
Mown and all kinds (^l small BesscUKr j'lants, hut t<j small o[ 3 . n-ln artli fuiiiaco 
plants and 1 1 . (trie fiiriuci i.; - 

1. (leneral or ordinary steel castings, wlii^i m< hide the demands Irom all 
hramhes of (.iigmeering, win re no lists are speiijj. d, and wheie 
guuial wear only is reiiuin d, and the castings ar(j not subjected to 
more than ordinary siressi s. 

In tins section a large number of the castings would not he machined, 
and those \diich are ina* hiiied would he in jiaits <jnly. 

2 I'a-'liiigs whuh are not siihj'-ct( d to spe( lal sti.sscsoi undue w. ar, hut 

arc ma< limed on most ol lla ir surlai es and reipiire t<> he sound nmre 
for the sake of ajipearanre than foi sab ly. • 

3 ( ast’ngs sulijected to siiocks and rolling w<ar. 

4 < astings which are stibjected to excessive wear and stress, hut the 

appearance of their siiifaces is not imporiant. 

5. C asiings subjected to bursting pressure, which reajuire to he sound when 

machined. 

6. Castings for electrical purjKises, where high pernieahiiity and soundness 

arc of importance. 

7. Castings which are sjsocified to give definite physical and rdiemical tests, 

according to the purposes for which they arc required. 

CaetingB included in the'Varioua Classes.- Castings of tlie isi class 
include:— 

(ij) Colliery and mining wagon, barrow, truck, bogie, and all kinds of wheels, 
which are bored only in the hole in which the axle fib. 
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Also all kinds of brackets, pedestals and rollers used in mining and 
colliery haulage. 

ib) Rough toothed gears, brackets, pulleys, rakes, etc., used in gas, chemical, 
and other manufacturing establishments. 

{!) Marine,' hydraulic, ordnance, railway, and general engineering, where 
various castings are not subjected to special wear or stress. 

Castings of the and class include:— 

Parts of high class machinery such as guards, covers, brackets, foundation 
blocks. 

Castings of the 3rd class include:— 

Gearing of all kinds, and rolling mill pinions, where reversals cause heavy 
shocks. 

Castings of the 4th class include 

(<;) All the wearing parts of crushing, stamping, grinding, dredging, and 
screening machinery used in mines, quarries, dredgers, cement works, 
steelworks slag* plants, refractory material works, and elsewhere, 
including- crusher jaws, check plaRs, toggles and grooves, stamp 
heads, shoes, dies, wearing and screening plates, hunch plates, knives, 
balls, mantles, conc.aves, etc., which demand the toughest and hardest 
material. 

{h) 'I'rackwork for railways and tramways, such as special intersection work, 
including points, crossings, special rads, etc. 

Castings of the 5th class include :— 

Hydraulic cylinders, pump bodies, valve castings, air chambers, gas and 
steam-engine cylinders, etc. 

Castings of the 6lh class include :—• 

All kinds of castings for electrical purposes such as motor cases, frames, 
poles, and covers. 

Castings of the 7th class include 

(<i) Railway and wagon wheel centres, horn blocks, bolsters, buflfers, frame 
stays, and all other castings for locomotives, carriages, and wagons. 

(/') llridge bearings, foundation blocks, and other bridge castings subjected 
to stress. 

(<■) Wearing parts of machi^jery for shi|)s, .also anchors, bollards, etc. 

('/) Ordnance steel castings for gun carriages, etc. 

Analyses of Castings in the Various Classes.—The table on next page 
gives the analyses of steel suited for each class of casting. 

The above list of .analyses docs not represent all the kinds of steel made 
by the steel founder. 'I'he aim, however—and rightly so—of steel casting 
makers, is to reduce as much as possible the number of kinds of steel manu¬ 
factured, as cost and confusion are thereby minimised. 

Castings supplied to Specification.—All classes of steel castings, except 
those used for electrical work, viiic ('lass 6, are usually annealed. In the case 
of manganese steel castings they are specially treated. Different kinds of 
castings supplied to the specific.ations of engineers .and others are too numerous 
to mention, but two analyses are given under Class 7, of steel suitable for 
castings having wearing surfaces, and locomotive and wagon castings. The 
Dritish Engineering Standards Committee has done something to reduce the 
number of specifications which exist for the same class of castings, but very 
often the requirements of specifications are too exacting, particularly over non- 
essentials, and some conditions stijmlated are impossible to fulfil. Steel manu¬ 
facturers who undertake test-work often groan under restrictions and conditions 
against which their common sense and practical knowledge rebel. Sooner than 
run the risk of rejections, they refuse the work or quote a price which prevents 
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the orders being placed with them. Other manufacturers who undertake the 
work and find it difficult or impossible to comply with the tests demanded, 
are tempted to adopt doubtful means by which the tests are made to pass 
inspection. 

The following list of specifications gives some idea of the variation in the 
tests called, for from castings used for similar purposes:— 

TAHLK LXIII 


Sl l'.c IFICATIONS H)R SlKKI, CasTINCS 


Comii.tiiy. 

Kind of CAstings. 

'1 cnacily 
ions per 
bq incli. 

f |cinijati'>n 
';,j Gfi 2". 

Other tondiiions. 

G. C. Kailw.iy (1910) . 

t^ual.ly A. Casiinfjs 

40 (0 45 

12 

S anti I* not more than 

With wealingsuifai.e> 



O'O?/'- 

.. .. (1910) • 

Quality R. Ollier 

CO 

0 

0 

24 to 20 

S and 1* not more than 


j^cneral castings 



007^,. 

„ (1910) • 

\Vhccl centres 

28 

24 

r round Rend, 90'’ 
round 2^" bar. 

S and V nut more than 





005%. 

Caledonian Railway 

Wheel centres 

32 

— 


(1900} 

Central Argentine Kail- 

W’ht'cls for rail 

34 to 38 

6 


w.iy (1911) 

trollcy.s 



90'' bend. 

G. W. Railway (1S98) . 

Loco castings 

28 l<> 34 

20 

,, „ (> 9 oS) • 

Wagon wheel centres 

26 

15 oil 3' 

90® lieml ovc'r2j"round 

and or<linary cast- 



bar, williuut frac* 


mgs. Important 



lure. Drop tests for 


general ca-tmgs and 
loco and lender 
wliccl centres 



centres. 

„ (1908) . 

Castings with wcai* 

35 

10 on 3" 



ing surfaces 




(/. N. S. Railway . . 

Ramps, douMc 

28 to 32 

25 

1' sq. beiitl, 90® over 



IV bai. 

London County Council 

Wheel centres'- 

30 to .57 

10 

1" round bend, 60® over 

3" 

Midland Railway {1905) 

Wheel centres 

28 to 34 

20 

l|’' sq. bend, 60® round 




a ^' radius. 

S and R not more than 






0*05%. 


Test pieces are sometimes cast separately from the same heat as is used for 
the castings. As a rule this is only permitted when the castings are not large 
enough to admit of test pieces forming a part of the casting, or where any risk 
to the castings is likely to follow by having the test pieces cast on them. 

Two pieces, one for tensile and the other for bend test, are cast with each 
casting in each heat. All the test pieces, however, are not used, selecdons only 
being made and tested from each heat at the will of the engineer or inspector. 
Should the first tests fail, a sufficient number of pieces remain for repeated 
tests. 

Chemical analyses and physical tests are not often specified together, 
engineers and others being content to specify limits for the phosphorus and 
sulphur only, with the physical tests. This is a sensible arrangement, as it 
leaves the steel maker a free hand to make what steel he chooses, provided it 
complies with the physical tests. The stipulation regarding phosphorus and 
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sulphur is necessary, as the proportions of these elements in the steel alforij a 
fairly accurate inilev of its purity. The presence of cop|ier in steel is also 
objectionable, and the niaxinium amount allowable in the steel should be 
specified. 

Composition of Charges (Acid Bessemer).— In small Dessemer plants, the 
charges consist of pig iron and steel scrap melted together in varying proportions. 

With a charge consisting of pig iron only, it is necessary to use a low silicon 
pig so that the cupola metal will contain from 11; to 2 per cent, of silicon 

when ready for the converter. In charges where high percentages of scrap are 

melted it is necessary to use pig iron containing 4 |)er cent, of silicon, or even 
more, in order to obtain a suliicient silicon content in the metal before blowing. 
'I'o work cconomicalh it is necessary to use all the scrap ]>ro(luced in the manu¬ 
facture of castings in the fimndry, which aiuouiits to fioin 30 to 40 per cent, of 
the total steel 111.idc, anordiiig to the class of c.islings produced. As a rule it 
is found ad\is.ahle to buy other scr.ip to 1111 v with the jjnindry m raji and im reasc 
the |)ercentage used in the rhaye, tlierehy reducing the amount of pig iron, 
which iisiiallv (osis more than snap Vor ordinary foundry castings, ol which 
tests arc not n ipiin d, this practice is economical providi d the sc lap is not too 

dirty, (lid rail scra|i is lairl) ri li.ihle, .c, the amoimts ol phosphorus and 

suljihur ill It are known, or i.iii he estimated without imich cost. Miscellaneous 
light scrap IS not so gooil, "and il is very olleii a source of trouble and more 
costly 111 the end (although bought more duaiily 111 the first instance) than the 
lu-avier and more reliable scrap. 

For steil castings made to specification, miscellaneous (heap .scrap should 
not be used for making steel in small llcssemcr plants. Its use in the .Siemens 
furnace is a diifereiit matter, where tesis’caii he taken and analyses made during 
the progress of the melt, wim h is impossible in the llesseiiier proi ess. 

I In the acid Jiesseiiier coiiveiti r it is not possible to remove phosphorus or 
I sulphur from die charge dining the procc ss, and it is therefore essential to 
^•watch the materials used - both pig and sc rap. 

( Charges. --The following ehaiges arc- siiilable (or steel castings of ordinary 
iquality, such as are givi.n 111 Table I,,\II, classes 1 to 6; the only diU'ereiice in 
<the manufacture of one class oicr another being in the composilion and cpiantity 
lof materials used as pliisic additions to the*blown metal. The ch.irgc s are 
|niclled ill the cupola, and the following arc tyjacal of high and low pig iron 
itcharges with corresponding amounts of scrap :— 

Clta>xfs nulkd I/I Uk CnLolt 


(i) Charge with high percentage of pig iron ;— 

Hematite lug iron (T5% Si( . 7 cwls.l 

Rail end and steel castings scra|) ... .. I 

I.imestoiie ...» .to lbs. 

Fluorsjiar. • . . . . 10 ,, 

Coke.I 10 I, I cwts. 

(3) Charge with high percentage of scraii: — 

lleiiiatite pig iron (4';,, .‘si) .4cwts.| 

Rad end and steel castings scrap.b » I 

Limestone.45 lbs. 

Fluorspar.10 „ 

Coke..rj to I,' cwts. 


For the above charges, the pig iron could be selected from any of the brands 
named in Table VIII, or from other hematite irons of similar analyses. 

It is often found advisable to vary the composition of the first few charges 
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melted in tlie cupola eacli day, as the cupola metal is not as hot for the first 
heat as in the subsequent heats. The variation consists of the use of a little 
more |jiR iron and less scrap, or from 5 to 10 per cent, of pig iron containing 10 
to 12 per cent, of silicon. Each inciter humours the early cliargcs slightly, in 
order to obtain the best results. 

The following is an ordinary composition for the first four cupola charges 
each day, when working with lo-cwt. charges;— 

Tig iron, 3j% silicon.5J cwts. 

Kail and foundry scrap: equal pro|iortions . . 4 „ 

Tig iron, 12% silicon.J cnt. 

In the exainples of typical cupola charges, the weights given are 10 cwts., 
hut it is not neces.sary to abide by this quantily. tlftcn as much as 14-cwt. 
charges of pig and scrap are used, the amount of coke between e.ach charge of 
metal being correspondingly increased. 

Whatever the nature bf the charge used, the result of the melt should pro¬ 
duce cupola metal having sufficient sil.con, iiianganesc, and carbon to give a 
rapid conversion from cupola to blown metal 111 the converter. In this country, 
the practice is to obtain metal from the cupola which will contain from i’5 to 
2'0 per cent, of silicon, with manganese from o'5 to I'o per cent. The carbon 
is usually over 3 per cent., even when Oo to 70 [icr cent, of scrap is used, as 
the coke gives U|) its carbon to the metal during the melt. This jiractice, how¬ 
ever, is subject to variation, as the pig irons used in other countries do not 
contain the same percentages of silicon and manganese. The following analyses 
of cupola metal ready for conversion to steel, are typical of English jiractice:— 


TABLE LXIV 
Anaiysis of 1 nnu.A Mi.tai. 


Kuttiie uf v.li.iij;e. 


pcTCi'iita^c of ir'>n niid low 

jicrtciita^c ot sunji. 

High perccntaj;e of -strap and low per¬ 
centage of pig irt>n ... 


IVtv I if 

silKon III P14 1101 
mcUeil 


3'5 

4-0 


Aii.ilyscs of ciifroU mct.il 
C i Si I Mil I P 


:r5 

3'3 


2’0 

>•5 


O-IJ j 0-05 
Q ^^ I 0 06 


1 


S 

% 


(>•04 

o'o5 


The following tabic gives the analyses of the chaiges of blown metal before 
the adtjilions are made :— 


T.VRIT LXV o 

ANAI.YSRS op MF.rAI. in BESSKMI R ('oNVERTHR after the iniiw AND BEFORE THE 
Al-I)l I I 0 N 8 AKE MADE 


Nature of cli.Trgc. 


High percentage of pig iron and low 

pcrtciitagc of hcrap. 

Higli pcrccntacje of scrap and low per¬ 
centage of pig iron. 


l*e!cent.T:;e of 
Mlicon in pig iron 
nielicd. 


3’5 

40 





Si j Mn 

P 

s 

% 1 ro 

1 


% 

i 

Trace 0*075-0'I 

1 1 

0 * 03 ! 

1 

0*03 
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Mr. Percy Longmuir * gives in the following table, the analyses of cupol.t 
metal before being blown in the converter, and also shows the progress of the 
blow at 5, 12, 14 and iS minutes. In the last column of the table, the analysis 
given of fimshed metal is that of good average mild steel c.astings, and was 
obtained by making suitable .additions of ferro-alloys to the metal in the con¬ 
verter at the end of the blow. Steel of dilTercnt analyses could, of«course, be 
obtained from the same blown metal by varying the amount and kind of ferro¬ 
alloys and pig iron additions. 


T.MII K I.XVI 


.Anmvsrs of Mki.si. DUKISO “ blow " 


! 

.. 

1 

1 A"r 

: AlUr 

Aflor 

Alfpf 




,,..‘1,1 

\ ... 

j l-IciWIflj; 

l.lx'W un;. 




(IritpliiU- 

1 

3-iS 


A. 

i 

1 

1 


1 

(.'I'lnliint'! 1 II • . 11 ' 

O'JS 

<>• U 

2<)2 


0 Sf» 

' O’l 

I ^’^4 

Silifin . ^ 


I ’1.2 


()• {Sj 

0 o.sj 

O'074 

1 O’ 526 

Suli'lmr 

0 - 0^7 

00;, 7 

o’o^c; 

0 <)y6 

O-ujS 

' o'o\S 

o<M 7 

l'h<i^|ihi‘ri;x 

<'■'■51 

O'USJ 

o'ost 


o’osi 

«)'o5o 

o’o^H 

i 

0 (»I 

! 0'(>0 

0101 

0 04 

o’<m> 

0' o.^ 2 

1 ’oho 

Loss of Metal in Melting and Blowing. 

- In tlic melting of the charge in the 


i-u])ola, from 2 per rent, to .) per rent, of the weight of the pig iron and scrap 
is lost owing to oxidation. 'I'he cleatiej the scrap the lower the loss. 

1 luring the jirocess of converting the iron into .steel, from to per cent, to la 
per cent, is lost in oxidising the metalloids and the iron in the charge. 

Test Work.—Castings siipjilied to specilicatioiis given under class 7, Table 
I.XII, p V15, are often made from charges similar to those on pigc 247. 
The pig iron used in these charges will produce steel eastings which when suit¬ 
ably treated by aniieahng will give satisfactory re.sults. It is, however, Iretter to 
use pig iron containing not more th.an o'oy per cent, of phosphorus and sulphur 
when working to spccilications where a high elongation is demanded from the 
test pieees, as for example in wheel ccntre.s, w*licre the rec|uireiiteiits are — 

28 tons per square inch tenacity, 

24 per cent, elongation on 2 inches. 

bor this class of work it is often advisable to use a low silicon pig iron 
charge only, or if a jiroportion of scrap is added, its analy.sis .should be known, 
and the scrap only used if low in sulphur and phosiihorus. 

IVith reference to the presence of sulphur in steel, it has been proved that 
when in the form of manganese sulphide it is not a dangerous elenieift. Pro¬ 
fessor Arnold, b.R.S., who made the valuable discovery that the whole of the 
sul])hur in steel se|iarated in the free state as .?ulphide of manganese when there 
was suflkient manganese to combine with it, showed from Ins investigations ’ that 
“Sulphide of iron is deadly in its effect upon steel, whilst sulphide ofiiiangane.se 
is comparatively harmless." 

Mr. II. II. Campbell,’ in summing up his series of investigations on the 
strength of open-hearth steels, states that “ the effect of sulphur on the strength 
of acid and basic steel is very small." 

While on a visit to the United States in 1912, we had the opportunity of 

* Paper on “ Sicel P'ountlry Practice,” read before the Manchester Association of Engineers, 
Keb. 26lh, 1910. 

’ "Journal Iron and .Steel Inslilate," tpoj, I, p 142. 


• JhiJ,, 1904, If, p. 61. 
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witnessing the rolling of ingots of basic steel, which contained 015 per cent, of 
sulphur. At the works where the rolling was done it was found that by 
gradually increasing the amount of sulphur, with a corresponding increase in the 
manganese content, a better finish was obtained in the machined products made 
from the steel. The manganese in the steel was 0 65 per cent., and the phos¬ 
phorus o'oo5 per cent. With a lower percentage of manganese the ingots 
cracked while being rolled. 

Dr. J. 1 C. Stead, F.R.S., says' it used to be considered that manganese 
should be in at least six times the proportion of sulphur, and his own experience 
was that it was safer to have eight times as much, lie had met with steel rails 
containing as much as 0 ifi per cent, of sulphur, giving good results in this and 
other countries. 

All these, and other investigations, have shown that sulphur is something to 
be reckoned with in steel, and while its iiresence in even com]aratively large 
liercentages m the form of manganese sulphide has proved to be of little harm, 
its absence in |iig iron gives a more reliable result, paiticularly when used for 
steel castings either in the Bessemer or HCemens'processes. 

The (|uestion of cost is often the determining factor in the use of high or low 
sulphurous pig iron m steel manufacture, as steel makers fnfln practical expe¬ 
rience know that the results olitamed from pig irons with a low sulphur and 
phosphorus content, aic better th.in from [)ig irons having high sulphur and 
phosi>horus contents. 

Composition of Additions to Converter Charges.- The materials used for 
physsicking the charges of blown metal vary in composition and weight .iceordiiig 
to the kind of steel required and the weight of the charge. Before any additions 
are m.ade, the blown metal in the conver,er contains as a rule about o r |ier cent, 
of carbon, so that when a soft steel is reiimreJ such as in (.'lass 6, Table l.XII, 
p. 245, the additions necessary to give the desired analysis consist of a small 
amount of ferro-nianganesc and ferro-silieon. When, however, a high carbon 
steel IS reijuired, such as in ( l.iss 4, I'ablc l.XII, j). 245, several hundredweights 
of pig iron, as well as additions of ferro-manganese and ferro-sihcon, must be 
added to give the re(|imeil larbon, manganese, and silicon to the steel. 

Method of adding Physic to Charge.—W hen only small percentages of fetru- 
inanganese and ferio-silicon are re.,Hired, they are sometimes added m the cold 
state to the blown metal in the lonverter before the steel is poured into the 
hadle. By this method a considerable loss of manganese takes place, which is 
usually icekoned at 40 per cent. When the ferro manganese is put into the 
ladle and the metal poured upon it from the converter, a smaller loss of man- 
ganc.se (about 20 per cent, to 25 per cent.) results. When very liquid steel is 
required for thin intricate castings it is at least necessary to make the ferro¬ 
manganese and silicon hot before inittmg them into the ladle. When pig iron 
is used for carlnirismg it is sometimes added solid by throwing it into the con¬ 
verter, after dipping it in water. It is, however, more usual to melt the pig iron 
and add it to llie ladle or the converter in the liquid state, By this means the 
steel is kept more fluid than when solid materials ate added. 

The materials used as a rule for .additions are 

(t) Big iron (cupola metal), containing from i'75 to 2'25 percent, silicon, 
3'4 to 3's jver cent, carbon, and from o'5 to 10 per cent, of manganese. 

(;) Ferro-manganese. 

(;) Ferro-silicon. 

(4) Special ferro-alloys, such as ferto-nickel, ferro-chrorae, etc. 

(5) (.'alcium silicide and aluminium, to “kill ” the steel. 

F’erro-alloys are manufactured which contain ditTcrent percentages of the 

* “Journal Iron and Steel Institute,” 1903, 1 , p. 147. 
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special nictnls; analyses of those arc ^ivcn in ('haptor II, Section \’I. uliioh 
deals with forro-ailoys. 

Method of finding: the Amount of Material required to be added to Blown 


Metal.—'riu* wuuht of the oharfio i 
taken as two ton>, and the anal>'*i'> ol 

Caihon . . 

Silicon 
Manganese . 
Ph»Kj>li<iriis 
Sulpiuir . 


owhuh th« aiKlidon'; aio to hr madr \$ 
iho linislu-il slO(.l toqiarod i-, as . - 

o .\o to 0 45 * 

,> .. \ 
o'75 .. oS 
o 05 o 6 

o 04 o 05 


The Mown niotal in the CiHwrrt-r iisuallv contains ahoiit o'l per cent, of 
carbon, and tratr> of‘silicon and inaiieanrsr whu h ran Ik- nr;;li < t-.1Vhen <al- 
tulalin^ the iu< 'ssary additions, d he |^ho^|^ll'■lrn^ and Milphiii in ihr hhnvn 
inelai depend uj'on ilir pmily ot the cupola inelal, and air nut diiiumslu.d 
apprcuahly b) reason of the aildiUons. • 


Assuinini; that flic carbon in the blown iiu lal is o j pi i < < n( , ihi n o ^ prr 
rent ol r.iibon must he added to make up the luinunuin p« iiMila;;« I'ljuiird. 
by addiiu.; molten jUt; iron from the <'upola, the* blown luital is inmhid by 
carbon, silicon, and nuni’anesc, as the cupola nu lal < oniams about 

('arbon . . . y j to \ 5 

Silk on . . I 7; „ i icj'.'o 

^fan^,lnes^ . * . 05 ,, i o 

It does not, however, ci'iitam these elements m tlie pioportioiis to produce the 
anal)sis ie<|uin-d, without adililions ol ierro-manj;aiicse and teno-sihcon. The 
proportion ot ferro-man;;anese to he added to the pi;.; non iiiiisi hr delrninned 
by trial and error, and it is common to find the amount nl h 110 manaanesi- lirsi, 
and afterwards the pig iron. In tm<hng lh< p<inntageso| ( aibon. manganese, 
and silicon re(}iurc<l for the charge, the wi ighl ol the adihtmns must he 
cstimatul and includi-d in the wi ight of the chargi-. l-or siet 1 having llie 
analysis above mentioned, the approximate weight ol the .idiiilions is ^ < wts., 
liicreforc tl;e weiglit of the total charge is laki n at .f j (wls 

Ferromanganese required - '1 he ferro-m.ingan« se us(d lor the pr<s(tit 
calculations contains Ko per ctnl. Mn, 6-5 i>er cent carbon, and about i'25 per 
cent of silicon. The amount ol inangam-se re<imr(<l in the Imisli'-d she! is 
o '75 per o-.u. to o-8 per cent. .Allowing for a loss of 20 per 1 eni. to 2^ jn-i c* nt. 
of manganese when adding il to the ladle solid, the ferro-manganese retjuiied in 
the charge is as follow s:— 

I>el A = |)erccnlage of manganese requinal. 'I’hen allowing fora 20 jwV cent, 
loss— * o'7S “ X, 

.T ^ 0 y,?7 o/;. 

Assuming that (he ciqiola metal required will .uld 0-05 per cent of manganese 
to the charge, then ndl manganese j)erc(.ntage = o 957 — o 05 -• o K87 

. Ilf ■ w r r , 4^ < wls X I 12 X 0'8H7 

.. v\ eight of ferro-manganese rc(|uired - 

~ 53 lbs. appriAiinately. 

The carbon added to the charge through the ferro-niangancsc 


53 X 6-5 

43 X 112 


= 0*072 


<>/ 

/y* 
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The carbon present in the blown metal = o io %, 


I Carbon required to be added by cupola metal 
= carbon in finished steel — (o’lo + o’oye) 

= o'4 — o'tyj = o’jeS %, 

,, , . , . , 43 X tI2 X 0'228 

, (,upola metal required = —-- = 323 lbs. 


As the cupola metal contains 07 % of manganese, the above 323 lbs. will add 
to the charge the following [lerccnlage;— 


3 C 1 X 07 . , 0, , 

~ X ,72 = ° °47 /o of manganese. 

In calculating the amount of ferro-manganese required, an allowance of 
0 05 per cent, was deducted from the total percentage wanted in the finished 
steel. The above gain of 0-047 per cent, balances approximately the amount 
deducted. 

Ferro-silicoa required.—The silicon required in the finished steel is from 
o 3 per cent, to 0*4 per cent. 1 he silicon added through tne ferro-manganese 
may he neglected, as it is so small. '1 he silicon added to the charge through 
the cupola metal is as follows 


323 X 2 0 
43 X 112 


o'i34 


%. 


The silicon required from the ferro-silicon added therefore 


= 0-35 - 0-134 = 0-216 %. 

Using ferro-silicon containing 75 per cent, silicon, the following weight is required 
to give the additional 0-214 [ler cent, to the charge:— 


43 X 113 X 0-216 
75 


= 13 ,' lbs. 


The total additions, therefore, .;o a 2-ton charge of blown metal containing 
0-1 percent, of carbon, and traces only of silicon and manganese, to produce 
a steel having the following analysis .- C, 0-4 percent.; Si, 0-35 ix-rcent.j Mn, 
0-75 per cent, are— 


Cupola metal.323 lbs. 

Ferro-manganese (80 %) . . 53 lbs. 

Fcrro-stlicon (75 %) . . . 13} lbs. 

Calcium silicide. 3 lbs. 

Aluminium. i lb. 


The calcium silicide and aluminium arc added to the ladle while the metal 
is being poured from the converter, and have a very subduing effect 
upon it. 

From the foregoing calculations it is obvious that the time required to 
find the additions for difterent kinds of steel would be considerable, particularly 
where the charges vary in weight. The following tables give the additions 
necessary to [iroduce steels of the analyses given in Table LXII, page 245, 
when the charges vary in weight from 35 to 45 cwts. These classes of steel 
cover most of the ordinary steel foundry requirements. 
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TABLES OF PHYSICS 


TAliI,K I XVII 


Phy>ics to PROin'cr. Stpki. hamst. tuk I’onowiso Av^nsis: C\ki»os,o‘4 

SiLU'ON, 0‘3 TO 04;"^; MaSuANESK, O ;5 U* O'Jy',. S\' 1 IM<II Okmnakv 

t.ASlINCS 


Weight of ctipob mtf»I tnil fcno-jll ■>^ aiI'c I t > v h.\»j;r 


Weight of 
eiktrge of 
blown 

ukiaI 


(. upoU metal, 
ivioiairiiiig 
<* Si Mn 
3 <% 


Keiro-niatu^ uir>e, 

t' si 



Ahjintiiiiim 


CW1 'w 1 

ll.s. 

.15 

2S9 

3(_> 

297 

57 

3“.5 

3"' ; 

313 

.59 j 

3*2 

40 

3 >0 

41 1 

35S 

42 

340 

43 

355 

44 

3'>3 

45 i 

371 


lU. 
46 5 
4S 0 
4 '» > 
75 
5 - -S 
s; s 
75 
S'- -’S 
S 7 7 S 
S-» o 
fHj 5 


th. 

ir 46 
II 5 

11 75 

U n 

12 5 

li 7^ 

1 . 5 '» 

15 S 
• i 7 S 
14 1. 

11 ‘S 


I 75 
I 75 
I 75 



TAPI,!’ i.xviri 

Favsns lo iroms k havisw lift i-.i^civmsi; AN\r\M‘i- ('ARiitiN, 0 3 to 

o )5" ; Sii n oN, 05 10 06%; Man^ \m si, u S i-i u 9sia 1 mill i-iu Casun(;s 

T«) IT MACHISTU 


Wei^lit I'f Cui>'.»U inelal an<l ferro alh>)» to cliarge. 


W'tiicht of i 

Cupola iTieial, 

1 cuMaimng 

Fcrri/'jnai)ijatii 
coiit iiiiing 

Feirr2-»ili, on, 

■ 2’iilaimiik 

< .lion 

1 I’ V, Mn 

1 07% 

Mn (. Si 

; 05'::. 175":, : 

Si (- 

7 ■-•■<% -2 5 % 


« Wt', 

1 lU. 

* Ih- • 

)!• ' 

! Il 2 t 

IS 

'79 

5 '" 75 

; 2 t '5 

■ 75 

3 ^' 

1X4 

52 25 

1 2,; 25 

1 75 

37 

IS9 

5175 

1 20 0 

'75 

3S 

: 194 

550 

26 5 

2'0 

39 

1 'W 

S<' 5 

27-25 

2 0 

40 

1 204 

580 

280 

2'0 

4 t 

209 

59'5 

2.3 75 

2 0 

42 

! 314 i 

61 0 

295 

2 0 

43 

! 219 

62'25 

500 

; 2-25 

44 

: 224 

63 75 

3075 

; 2 2s 

45 

«9 

6525 

3 '-S 

2-25 


Aliiiuiitiitm. 


It, 
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TAHI.K LXIX 

Physics to produck Stfkl having ihk foi.i.owing Analysis: Carbon, 0*65 xo 
075%; Silicon, 0*4 ■ioo‘5%; Mn, 07 to o- 8 %. Suii niilk f<»r Light (iEARiNO 
Casiin(.s 


W*jgla ofciipi)la inci.il and fcrroTiHoys added to tlie charge. 


Weight of 
charge uf 
Blown 
inetaL 

Cupob III) tal, 

<.on( lining 

C Ni Mn 

3 (% 3 ’-% U 7 % 

Ferro •inangaiicie, 
containing 

Mn (' Si 

S^'-'Vo 65% « 35';.', 

Ftrro-Mlicon, 

(.oiitainmg 

Si (- 

7 S'-% 

ralcinm 

silicidc. 

Aluminium. 

CWil 

ll)». 

Ibv 

lbs. 

lbs 

lbs. 

35 

656 

42 5 

S -75 

■■75 


36 

^75 

4375 

90 

1-75 

I 

37 

694 • 

44 75 

9 25 

'•75 



712 

46-0 , 

9-5 

2 0 


39 

73 ' 

47'25 

9-75 

2 0 


40 

750 

43-5 

lO'O 

2’0 


4 f 

769 

49 75 

10 25 

* 2 0 


42 

7»7 

51 0 

10 5 

2 0 


43 

806 

52 0 

10-75 

2 25 


44 

S 25 

53-25 

iro 

2-25 


45 

S 44 

54-5 

11 25 

2 25 



TAIU.K r.xx 

Physics to i-roducf Sih'l H\vif.<; nil uh.iowino Anaiyms: Carbon, o'35 to 
0 ' 45 %; SnicoN, o‘2 lo 0-3^^^; Mam.amsi, 07 to oS^'. Suitable fok Heavy 
Claking CAsiiNi;^ 


Weight of 

We^lit of cupola metal aiul ftri o-aIl"j 3 a<i<led to thi tliaige 

Cupola metal, 

Feiro'in mg iin m-. 

Ferro siln on, 

Cab lum 
Mtlelde. 


ch.iigt Ilf 

iiiei.il 

coiu uning 

C Si Mn 

conuiuiii.; 

Mn L Si 

conlaii.iiig 

Si C 

Aluimiiiuin. 

* 

.1 4"i, i 0% 0-7% 

3 o 0% 6 5% i 

75 0% 05*^0 



cwls 

lbs. 

• lbs. 

• 

lbs. 

lbs. 

Ibi 

35 

227 

43 75 

6-25 

'■75 1 

3 (> 

234 

45-0 

O25 

'-75 1 I 

37 

240 

40-25 

6-5 

‘■75 i 1 

38 

247 

47 -5 

6-75 

2 0 1 

39 

253 

48-75 

9 75 

2-0 


40 

260 

5 o'o 

70 

2‘0 

1 

41 

266 

51-25 

7-25 

2-0 

1 

42 

273 

52-5 

7-25 

2-0 

I 

43 

279 

53'75 

7-5 

2’25 

1 

44 

2S6 

55-0 

7'75 

225 


45 

293 

59-25 

7-75 

2-25 
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TAl^l K 1 XXI 

Physics TO PRoprcK Sikyl having iin. j..uu\m\w : ('ARr.oN, ro lo l as'. • 

Sll 1( ON, O’J To 0’3 : M ASGAM ''K, 10 0 JO 13 0“ M 11 M-M » oR « AM 1 M.S M H|> CI H' 

TO GkKAI N\t\R. SlANuANtsK MhRl. 


j m< lal .>iu! kn.—^ i ■ < ti us<‘ 


Weight of 


charge uf 

C iijx-ij mclal, 

KfOo-n.jnt.*nc*-e, 

Ul-o M - 



blown 

K oniju in^i 

toll' u. 1 ij: 


( .1 > n 

All,mil 

meul 

C Mn 

Mn ( "'I 


m' ,.,r 



5*4% .‘-'v ^7% 

K..o% ( 




i-wlv. 

lb~ 

IP. 

1 


i! , 

35 

N'>ih‘ 

7'^7 

r,o 

N 

Noll 



Sio 




37 


V.\2 



• * 

3ii 

,, 




•» 

V> 

,, 

•''77 




40 

,, 

<)i Wl 




•11 

• 

<)7J 




42 

,, 

045 




43 


907 



'• 

41 


</,o 




45 

.. 

lol J 





T\T:I r I XXIT 

PuYSirs TO rnoporp Stfh jiavin<. i hi i<im<.\vin'. Asvm i • • r\j-• .,n, o 7 moS , 
Ml ICuN, O 4 P-O 5 , , M \NuAM '■K.O 75 l'"> S5 . <_ 11 K "M l M, o ^ I < r I O ^MIMUl- 
Kok ( INGS sUl'Jl' J M> lo \S I AK. ( llloOii Sum 


W’ei/lit of i-up <*■» iiiftil an i fci o> ^ j ’ > 


Weigh! of 1 
thaigi- of 

Cupoh in' tal, [ 

hrrro-rnaDg uif 

mcuL 

torn iiniiij; 

C ''J Mn I 

(' III iiiiiiig 

Mil ( 


3 4 % 20 % o;,„ 

^'5% 1 

CWti. 

! 

• ib<. 

35 

787 

48-0 

36 

Sio 

49 '5 

37 

K 32 

50'75 

3» 

X 55 

52 ' 2 S 

39 

877 

53-5 

40 

9fX3 

55-0 

41 

922 

56'5 

42 

i 945 

j 57'75 

43 

1 967 

1 59'»5 

44 

1 990 

i »>o’75 

45 

1012 

63*0 
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TABLE LXXIII 

I’llVSICS TO PRODUCE StEEL HAVING THE FOLI OWING AnAIASIS : CAEBON, 0'4 TO 0 ' 6 %i 
Sii II ON, 0-4 10 0-6%; Mangane.se, o'8 to 09%, Suitaiile poe Castings subjected 
10 I’RESSURK, SUCH AS IIVHRAULIC CVI.INDERS, EIC. 


Weight of cuiMjla metals and ferro-alloys added to the chai,;c. 


Welghl of 
clur^p- uf 
Movar 
ni«taL 

Cupola metal, 

CoiiUmin^ 

C S> Mn 

1<% ao% o,% 

FerTO-iiujiti-Tiic'se, 

cotiiaining 

Ml. C .Si 

6 5% 1 25% 

Kfrro-silicon, 

Culltalliin^ 

75 <^ 5 % 

Call lum 
VlllCliJc. 

Aluiitiniiim. 

CWlft. 

iliS. 

lU. 


11.A. 

Ills 

35 

297 

50-75 

150 

'-75 

I 

36 

306 

52-25 

15-25 

•■75 

1 

37 

3*4 • 

53-5 

'5-75 

>-75 

1 

jii 

323 

55-0 

16-25 

2-0 

1 

39 

331 

56-5 • 

i6-5 

2-0 

I 

.\o 

340 

58-0 

17-0 

2‘0 

I 

41 

348 

59-5 

17-5 

*2 0 

1 

42 

357 

61 '0 

17-75 

2 0 

I 

43 

3'''5 

62-25 

iS 25 

2-25 

I 

44 

374 

fM-75 

18-75 

2-25 

1 

45 

382 

65-25 

19 0 

2'25 

I 


TABI-F, I XXIV 

I’HVSICS TO PRODUCE SlFH HAVING 1111- 1-01,1 owl SC. ANAIVSIS: CARRON.O'I TO 0'2 % ; 
SII.IION, O-I IO 03%; MaNGaSiSK, 02 10 04%. feUlIAIlI.I-. 1-UK CasIISGj 1-OR 
Ei.i-ctkicai, Work. Mai.nei Nieei, 



AVf iglit of cuiH'Ia mcul and fer 

0 .»lly>s .idilcd to the clurgc. 


Weiglit of 











cKarjje 4>f 

Cupola n.clal, 

Ferro iiianj^'ancsc, 

Fcrro-silkon, 

Calcium 

iilicide 


i.ictal. 

c«'nl iiiiing 

C S. Mn 

< oniaimng 

Mn SI 

ci'iiiaining 

Si ( 

Aluriiiniuni. 

« 

3 C.'t 2 3 0% 07% 

8o-o% 65% 135% 

750 0 05% 



CM t<. 

lbs. 

^ 11 . 4 , 

•lbs. 

lli^. 

Il 5 , 

35 

None 

15-0 

None 

5-25 

6-25 

36 


'5-5 

•• 

5-5 

6-25 

37 

i» 

15-75 


5-5 

6-5 

38 


16-25 


5-75 

6-75 

39 


i6-5 

»» 

5-75 

6-75 

40 

M 

170 

*> 

60 

7-0 

4 ' 

*» 

'7-5 

(I 

6-25 

7-25 

42 

»> 

17-75 


6-25 

7-25 

43 


18-25 


6-5 

7-5 

44 

If 

18-75 

If 

6-5 

7-75 

45 

II 

190 

M 

6-75 

7-75 
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TAHI.I-: I.XXV 

Physics to pRontcE Sxin. having tuk vollowing ANvuiis: Cmiuon, o'js'jI 
Silicon, 04 100-45 Manoanf.sk, 0-75 io 0-85"^. Shuablh you Casiings wriii 
BtARINC .Sl'KPACIS, ANH Itv GIVK A i KNAcIrV 111- 55 TONS I'lR SoHAK* IM It WH It 
10% Klongaiion on 1" • 


1 

Weiglii (.if A upLvl 4 mrlAl ami IrrrA 

Atiilrii to tbr fhatijr. 


Wright uf , 


- 




Ciurfc ; 

( upsila mt-tal. 

fctru iiungsnrNr, 


('alt Hint 
Mlmi.it, 


cMtal 

1 

<. ''1 Mn 

< <>nlA 3 niii^ 

Mn 1 . ''I 

1 onuiuittg 

St 1 ‘ 

Aliimimuiit. 


>■■ 4 % '-T'o 

Ki'ia% fi 4 '‘., 1 7 ^''J ' 

7 V-''.. '■ a‘\, 



C«ktt. 

ll.A. 

n.<s. 

Kin 


Ill*, 

35 

220 


*1 i 

«- 7 S 

1 

3 * 

227 

• 19'5 ! 

IaS (7 

*'75 

1 

37 

2 i.> 



*•75 

1 

33 


w-s I 

i<ro 

2 -o 

1 

39 


5 r 7 => 

10-5 

3 «i 


40 


54 'o 

2 (t-t) 

2 'o 


41 

2 SS 


20 • S 

3 0 


42 

265 

S ^>-75 

31 0 

J-(l 


43 

27 * 

SH’o 

31 •; 

3-35 


44 

277 

5'»’5 

33 'o 

3-25 


45 

2 .Si 

00-75 

22‘S 

3 25 

1 


■jaiii.f: i.xxvi 

I’llVSK'S TO l-ROllUCl' SrKKl HAVING IIIF Koll.oWI--^ AnAIASISI C\KII"N, O'l 111 0'J5 % ; 
Silicon, 0-2 10 o 15 .1 Manganisi, 0-5 10 of, , suiiaihk Iok Camingn For 
1,0'oMuiiVK ano SiMiiAK Work, i inmii Sum 




Wci^lil <-f cuptila iiirtj! jiiil ft 

trv .tllu) s .Icl'lr.i hj < 

h.iil,;*- 


Weight of 

— - - 





charge cj 

I (.ufvi -la intul, 

1 h crr i iiiaii^aix vc, 

hctro silt' Mil ' 

t tlciiiin j 
-iIkiiJl 1 


meUl. 

A.uiit.tiniiiji( 

C Si Mil 

' Ci>ii(a.itit[ig ‘ 

\ Mu L Si ; 

CuliIulIIttIg 1 

Si ' 

AtiMiiiiiiiiin. 


j 4','o 3 (' 7 

■ ' ^ 1 

7'. ■>"->, t> i 'i. , 


t 

CWts. 

ll.A 

^ • u. 

• I'.v 

Il.s 

illN 

35 

70 

3>'5 i 

^•75 

* 75 

»'7'> 

39 

72 

3 : 5 

9 '' 

• 75 

*'75 

37 

i 74 

5!'25 

9 2S 

1 75 

• 75 

38 

70 

34'-15 

9 5 

2-f) 

2-0 

39 

: 7‘^ 

1 5 ’ ° 

0 75 

2 0 

3-0 

40 

K<> 

1 39'<> 

10 0 

2 0 

2 0 

41 

83 

i 37 G 

10-25 

3-0 

3 'O 

4 * 


' 37'75 

10*5 

2-0 

3 0 

43 

80 

3»-75 

i «»-75 

2-2S 

2 25 

44 

< 88 

i 39 5 

11 a 

2 2S 

2-25 

45 

9 > 

i 40-5 1 

li 35 

2-25 1 

2-25 


u 






PART III 

TIIK Ori'N-IlEARTII TROCKSS 


chai>ti;r XXIV 

TSIF. ACID PROCESS 

'I’liK name “ arid” is given to the various iirorcsscs of steel manufartiire carried 
out in the open-hearth furnace, when the operations ol nn Iting and l onvertmg 
are I (inducted u|)on a sand health. Wlien ( old charges are used, the process 
consists of melting and converting into steel the materials ii]ion the hearth 
hy the action ol heat from the fuel used, with suitable rediti mg oxides such as 
ore and mill scale when iiecessai), and liy the additions of reagents When 
liiluid ])ig is used as part of the charge, the process is principally one of 
converting only. .Scra|i steel which is added, has, of couise, to be melted either 
in the Inpiid hath or hy the action of the llaiiie 

Various proportions of [iig non and scrap steel are employed to make up 
the charges in what 15 known as the “Mai tin I'rocess ” ; the same may he said 
also of the pig and ore process. ISetwei n the extremes of high and low propor¬ 
tions of jiig non ill charges for both processes, a variety of composilioiis exist, 
some ol which are given in (lhapter \X.\VI. 

Method of Conducting the Process. Preparing the Furnace for the 
Charge.- 'I'll slait a newly-erci led furnace and Us eiiui[)nicnt, xery great care is 
reiiuired in diyiiig the lirickwoik throughout the whole slriii lure If hastily 
heated, mu( li trouble will be experienced, due to Ihe expansion of the silica 
brickwoik. If during the building of the Hues, ugenerators, and furnace, the 
weather has been dry, a good deal of the liiK.kwork will have dried naturally 
befoie the work is completed. In any case it is adxis.ible to allow the furnace to 
remain for several days with the fiiiii.ace doors wide open and all valves and 
dampers o|ien to the chimney, so that natural drying may proveed freely befoic 
any tires aie lighted in the (urnace coke fne at the base of the chimney 
will promote a belter current of air throughout the system and will help the 
gradual drying of the chimney. .After natural drying has been continued for 
some days, coke fires are jilaced in each of the legeiierator chambers and at 
din'crent places in the Hues. These are increased in si/e gradually, care being 
taken that lie bolt nuts are liberated to meet the expanding brickwork. After 
3 to 6 d.iys’ firing in this way flhe length of lime varying according to the si/e 
of the fiiinace and length ol the Hues), fires are placed in ihe furnace hearth 
near to the ports in the fust place aiui then in the centre of the he.irlh, so that 
the health may get thoroughly heated before the gas is allowed to enter the 
furnace. When all the biickwork throughout the structure and flues is well 
dried, the chetpier bricks are built into the regenerator chambers and the furnace 
bottom made. The latter is done by giadually fritting the surface of the brick¬ 
work and lusiiig silver sand in thin layvrs on the bottom until the necessary 
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lliickncss is obtained. 'I'lic gas (rom the (iroduccrs (or oil, if liquid fuel is usid) 
is turned on before iimkiii*; the s.iml bottom. 

Admission of Qas to the Furnace C.ue imiet be i.ikin to pieient .iiiy 
residual air 111 the ^as iUks lioiii inixuiq with the g.is Ironi the i-iodiiei 1 m Midi 
proportions as would e.uee an exiilosion when the imxUiie is bqbtid. 'I'lie 
first precaution is to dry the Ibie thoioneliK. and tin n lo 1 \]iel the au'lioiii the 
Hue by causing the pas to issue through the nianhole iii.iitsi lo the liiiii.iie lor 
some nine bdoie liiriiint; it into the hiiii.ice. 1 his is tisii.ilK an i Ike tue means 
ofdrisiiiit the .111 from the ibns. In addition lo these | leeaiiiions it is ailMs.ihle. 
to test the lisbtin,! sable ol the };as as it isstuslniin the lu.inhole t over In four 
li'ditiiv’ It in the fiirnaee ; esen then the liehlini; 111 the fiiiii.ieeis eomiiioiily 
aerompanied with a niort. While this is luiiietioiie, all air liom the lesiisim; 
valves is escUitltd, the gas burniiu; hiiipl) in Ihe Itiin.iee lu.iiih tiiitil the ait 
from the rtgeni Liters iiiixts with the g.is, piodiuiiu; gi.idii.ill) ihe tisti tl initii.so 


heat 111 Ihe liiinai e , 

r.efore any chaiqe is intiod.iiet tl, tlu- luin.it e tempi i.iliiie is hioiiehl up lo .t 
very high digiee. Ihe l.iphob*is theil loiimtl, and ihi hiiii.iie pii p.iied to 
receive the charge. 

Charging the MateriaU Charging by Hand. -Wh. r. solid diargisare 
used, ch.irging lit hand is slillat.i) loiiiii.on pi.ntn c m woiks using limiai 1 s 
tip to ^5 tons, and in some woiks m l•llL;l.^nd liiin.n 1 s el V’ tens . .tp.ti ily aie 
cbarecd by hand. -Ni tdless 10 s.i), tlu lime m 1 h.iigmg so tons el 1 old m.ili 11.il 
by hanii is considerable, the fust p.iil ol the .hai;;e being im In d two 01 tliieii 
botiis before the final inst.ilmeiits ate m.ub . 'I he .im i.ige time t.ik. n to ( haige 
a avion furnace 111 Isiiglish works is Irom 7', to ,s boms, win 11 li.ill tin eli.iige 
consists ol |ng non and the reimmuler is st i.ip 

( barging by band is done with king bais llatti m d at tin 1 b.iigmg 1 ml to 
carry pig and si.i.ip into the liirnace In sni.dl liiin.ii 1 , win le no on ihe.id 1 rane 
or swung jib ciane is tisetl, a roller is lixitl to the door 1* dgi ol the liiin.n e .tnd 
over the roller, tin b.ir is pushed by one or Iwo men .md the m.ili ri.d l.mded on 

the sand hotlom of the futnai e. W heie a ci.me is avail.ihh , lln . Ii.iigmg 1. .. 

more rapnlly ; In avy lumps ol s, mp c.m In pu ked up hy tin- 11 on , pi.ieed mi 
the “ peel ’’ or diargmg h.ir, ami .ilti 1 linng susp. inleil hy dm ■ i.iim, the bar is 
pushed into the liiiiiace by h.md .mil tin sciap<i|ped on to lln In aiib, 

Cbar^fin^ by Machine. In inodetn pl.mls. Imn.n * ^ ol ^9 t'MIS .ind 11 pkv.udi 
are usually equipped with mai limes. lln; m.iP n.ils • omposing lln < barge am 
])icked up lioiii the stotky.ird hy an oviihe.id eh 1 trie < r.nn i.nitmg a m.igiii I, 
and the charging p.ins .trr.mgtd on Inn ks art lilh d wiih sm.q* .uni pig iron in 
the proportions deleriiimed hy the sttel siqn rmleinh iil, the pig and s, t.ip hemg 
keqit in separate pans Thesi |.ans are then dr.iwii hy a steam Im o ,md |iassi d 
over the weighbrKige to re< ord the weight In fore in mg ptisln d 011 to the i hargmg 
stage of the lurnaee alongside the liirmn e doors. '1 he aim ol lln- . h.ir m r mg.ig's 
with the |xan on the inn k, litnng it and murymg it lo Ihe liirn.iM do,,r ih. 11 
going forward and tq.pmg die eonteiUs iiium life In artli 'I In pan is withdrawn 
and placed upon the imply tnnk. wlmh is pusln d .dong p.ed dm Immue. A 
total charge of 50 tons can Im charged m this way m aliout ro mmul. s. 

It IS tiol merely llu- savim^ in time lliat is < lief It il dv nn < b.iim .il ' li.ir;'iii^', 
but loss of furnat e heat is axoide-d als(>, as tin (loots (hi inn n ipnn to b* op( m ( 
so frciueiuly as in band i barging. W'l witnissid, in myi 1, s. X' ml moth 111 open- 
hearth furnac es, designed by Mes rs. I'aiil bi Innidt .md 1 >■ sgi eg ( h.irg. (I with an 
electric charger m a large (ierman sfi.elwotks. dim . om; h !■ diarge w.is put 
into the furii.m 1 m the manner already dcsi rilnnl, and Ine In at. obt.imed ■ xery 
24 hours, d he .Martin [iig and strap [jon ■ -s was . ondin n d, .md tln^ ■ b.uge w.is 
ComiKjsed of selected scrap and lug, so ti it no relmmg was rmpiued. U would 
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lake longer in some works where liand charging is done, to do the charging * 
alone, than it takes in tlie works in ([ucstion to make the steel into ingots. 

Charging Partly Liquid Charges. -The charging of IkiuuI metal and solid 
scrap hastens the operation of melting and conversion. The solid scrap is 
handled as previously described, but the liquid iron is taken from the ini.xer in^ 
a ladle truck, the contents of which are tipped by crane or hyilraulic tipper 
into a larriage chute which carries the metal into the furnace. The truck of 
metal |iasses over the weighbridge, and the weight is recorded before being 
taken to lire furnace. 

A more common method of conveying the metal from the mixer to the 
furnace is to carry the ladle of metal from the mixer by an overhead crane 
and tip the contents by an auxiliary crane into a carri.ige chute, and from thence 
to the furnace. 

The time taken in charging lupiid metal is less than that required for 
(hargiiig solid pig iron, .and the time occiqued in coineiting the charge into 
steel IS shorleiied also. '1 he com|)Ositioii of different charges and the analyses 
of the pig ironused, are given in Chajiter -KX.Wl. It is, thcrclore, not intended 
to repeat these here. 

Operation of the Furnace dnring Melting and Converting.— The process 
of milling cold chaiges is very slow. Compositions coiisislmg of large (ler- 
ceiilages of low carbon scrap and small amounts of pig non, take longer to 
melt than charges with larger proporlioiis of [ag iron. The |iig iron usually 
molls til si, being fusible at a lower temperaliiie than tlie mild steel scrap. If 
too little pig iron be used in llie charge oxide of iron will be formed, and the 
lining of tlie furnace will sufler. To rectify this, additions of |)ig iron are neces¬ 
sary. Soiiielnnes co.il is added with the charge in the fust place to make up 
for the small |)roporliuii of pig iron used. .\ii excess of pig nun m the initial 
charge can be rectified by the llame or additions of ore, and as a rule it is safer 
to use a Millieiency of [iig iron in the first place. 

'I'he nielter legiilales the gas and an supi'ly in the pro|)Ortions most suited 
to the melting requirements. Soon afler the charge is molten, the ebullition 
of gas llirougli the coating of slag upon the suif.iee of llie iiiel.d shows clearly 
that caihon is being liberated from the biUli. Dnring the nulling the oxidation 
of caibon has been proceeding Slowly, but is now .iclive, ore being .ulded when 
it is found advisable lo accclerale the removal ol the caibon. '1 he appearance 
of the “bod,” which is uniinslakahle by the lapid ebullition of gas from the 
surface, comes on Irom 1 to q hours after melling, depending upon the tem¬ 
perature and condition of the iiielal. and lasts 1, 2, 01 q hours, alter which the 
charge is tapped, llie “boil” is soimtunes held hack by the iiieUer if the 
carbon is being iciiiovcd too lapidly, and the phosphoius and siiliiluir remain 
in too laigc priqiortions. 

Drlier c'lenieiits such as silicon and manganese arc removed from the metal 
lo the sl.ig during the iiiclluig The progress ol the diemical action is not 
merely judged by the apiiearancc ol the bath, but by the frequent tests taken 
Irom the charge after the metal is melted and duiiiig the “boil.” 

Examination of Tests.- - Two kinds of tests are usually made 

I. I'lactine tests. 

1. t'lienncal tests. 

.\ saiiqile is geneially taken from the bath when the metal is melted, and 
before .;iiy “ oiieinng out ” of the slag is caused by the use of iron oxides. 
The exact slate of the metal when meki-cl can he fairly gauged by fracture and 
an.dysis tests, and these giiule the meltcr 111 finishing the steel. The most 
troublesome eleiiieiils m the charge are the phosphorus and siiljihur when 
present 111 the raw mateiials 111 objectionable proportions, and although much 
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has been done by workers snch as Stead, Arnold, Saniter, and nlbers in simpli¬ 
fying the removal of these elements, much still remains to be ilone. 

The improecnunts in the methods i f making rapid and aee urate le'sts in the 
charging stage lahoraloiv, have made it possible to estimate the eaihon, phos¬ 
phorus, and sulphur contents m a charge sample in fiom us lo i a immites, and 
if manganese is estimated, 5 minutes longer is taken. Messi.s. llatiison eS: 
Wheeler m their valuable teseareh,' give ev.iniples eef sueh tests, evhieh are 
perhai>s lounel most useliil m the basic proeess where plieispluiii< pe ireiiis 
arc used. 

With reference to the re'rnoval of sulphur from iron anel steel, Mr. Heiiialel 
M. l.ev) suiD'i u|» Ills iin t sti^atums as fDllow-v: 

“'1 he separnlum of in.iti^.mc've suljehule holh in imns an-l stfoK is t!ui» 
Jarijely (l(*|H niI« ni upt^n 

{<!} ('omliUon ami it '•uliine prop) rtie^ of the -nlplmlt. 

(/') ('oniposilion and o vulun;^ propeiln s ol ttu- nu t.d. 

(<) 'IV inj>erature ot ilu’ im t.d. ♦ 

{</) Solul'ilitv nf lht‘ sulphide tn '-olu^ and htpiul im tal. 

(f) I ho MUH hanu'al .and pli) su .d com I it ions 
( /) Inllurm’e (♦llu •'laj, ami ol oxitlisin.; eomlith'ns. 

Some ot llii'M' are intt r.lcpenil' rit, hul a s\si. initu in\< -tipilMu ol tluso 
factors, lo-t (h< r witli an iirder'-t ludm^ n| iluar htaiin,; on du' th'-rm.d, 
physK ed and (heiuK.d < tpnhl.imm ol \\\<- s\sl(‘ms, is tho key to Ihc su('<osslul 
chmmation of the '■idiiluii lioai lh« nut.ds m pr.nlHe, <n t" fontrolhm; its 
condition and dislrilmtion as to ctuukrl it tt) it-' h ast haiintul li»rm ' 

I’lof ArnoKl, m.uiv )(ar-s av;f), iiomtrd mil that vulplim in sit t I m th< lorm 
of man;.;.Ilk suljiinde \sas not danp.f roi*'. 

Chemical Reactions in the Acid Open hearth Process 'I h. lomova! ol 

metalloids durm;.; the proik 'ss ol nu limp, ami < on\rrtm.i; .i <haip,cof pp; iron, 
scra[> slf.< I, and ore to sl<« 1 , is ih<; riMilt ol ('lumioal a<tion liy oMil.ition, and 
is an inlortklinL; study. 1 lim .k lion is promoti il )>y iho h* .u ot ilw ll.uno, and 
assisted hy its oxidising mtlm m o. 'I Im iat« cf < h« iim .d .u lion is dopt ndont 
amon^ other ihmps upon th«- naluro ol tlm « haiip , the ( omiitmn of Llio hath, the 
iiUcn^'ily ol iho llamo, and the nKinipul.ition of the furnace. 

'i’o trace the u suits of any om (haipo m fiirn.irc dots not aiioi<l sik h 
comprehensive and n haMc evidencr of what a<luall> t.ik's pin <• as \\h<n the 
average results from giou|'s of charges .ir< tak« n 'This fa* t was ptunted out 
by Mr. 11 . H. Campltt 11, and the following result, giv- ii hy Inm,' may 1 ><- tak« ti 
as icpn senling the liistory ol dm piogrc''S ol lh<- avciago miM sUtl'haige in 
the acid o['o‘ndkartli jiroetss. 'I'hc lesulls imd< r < Iroup 1 slu)vv .m av< rage of 
19 boiler plate heats of sti .1, prodiumr gas lu ing uscd as the luaiing ag(nt. 
Under (iroup II. ar<r given tin; n suits of 6 boih r pl.it*' lu-als <»! sl«,'(.l, oil gas 
under steam pressure l)emg uscil as tlic Imalmg agent. , 

M.Unu ;.1,1 

I. rig ir-*n, si, I '72' , <i S , . il.yotlt-. 

.'stul I K.nl''U I I. Si, o (jy ; C, o }0 •• 

scragi It'iilfr gt.iit, ‘^1, <11>2 ' , i , o' i ; 5co'^ <. 

3. < >rc, I'cO, Si , fuc ' 9 , • l.okJ ,, 


' “ b>um il lion .ui'l Sh < I [ii^nuii', ’ l</>-S, III, g 27 J 

* /k./., i*nI, 111, j) I. 

’ “ 1 1 uivitlioik Amu nt .Til In't ',f MibUig 1 i gia*''o,” ' ’1 19 , p. 


*.,..i,, II 

2 's 7 *o li 

Soj ,, 
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Kiom (hr lor^'^;oln^ ;inal)scs aiol woij^lUs, llie of tlio oxolation ran 

lie lollowrd. Mr. (,':iiii]ilirll c.il( iil.iU'd Uir wne'lit ill the sings lorined after 
melting the ihargc nml beloie milling the ore, hom the ainonnt of MnO in the 
sl.ig-'. Ills melhiKl of deterniination nas based u|ion the fact that all the MnO 
must come fiom the Mn m the mateiials of ivliich the ch.irge is romposed, and 
knowing the weights and analyses of the charges, as well as the analyses of the 
slags at the dilfeient peiiods, he was able to asi ertam the weight of the slags 
With reasonable approximation 

The cheniical re.n tions of other kinds of chaiges in the acid furnace are 
analogous, and can be investigated on similar lines from the weights and analyses 
ol the slags produced. It is, therefoie, umiecessiiy to gue other illustrations, 
which can be iiiiiUiplicd 111 everyday piactice. 
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/ 7 /A' A’./.S'/C OrK.\'-H!-..lKI H J'A'OCJisS 

'I'hk lia'tic 0|H‘n lu ailh process rlifl'crs Irom the .icul opin-hc.tith process eliiedy 
iti the o.ttiirc of the i Iteniical reactions winch occur rlurin;; tile heat, .trul not in 
the general print ipK which applies to both, n.innl), the ocul.ition ol inipnnties 
in the charge anti their removal through the slags aiul .gases. I'he ilillerciue m 
the chemical leaciiuns is tlue t<i the present e ol pUosphotus aiuI sulphur in 
excess of that in the iron suiiahle Ijir the at itl openheiilh process, anil 
lirincipally in the former elenient. ('In line ally consuleietl tiny .ire both at ills, 
and hare a great« .ill’mity for iron when at a high tenipeMiure lli.in lot the 
oxygen in the atmosphere, 'riny i annot, thereloie, In oxidisid like larbon, 
silicon, and manganese under ihe inlUiem c ol the oxuhsing llanic m the linnace 
only. When oxidised, ]iliosplioiiis and siilphiii form .n id i ompiniinls, but this 
only takes place when they are exposed .it a high lie.it to the .11 tion ol lime, or 
some other active niineral base with a stronger allinity lor tin in than tin y have 
for iron. 

/\s the use of lime 111 an ai id-lnieil f^ni.iee, as a redueiiig agent, would lliix 
and destroy the lining, it is neiess.iiy to li.ne a non-acid lining, or wli.il is 
known as a basic lining, to allow ol the re.ictions taking |il.ii <■ wiihont nnirli 
wear ol the lining. 'I'lie various knnis ol basie ni.iti ti.ils nst<l lor opeii-he.irlh 
furnace linings are diseiisscd anil ih si rihed 111 t.'h.ipler II, Section ill, on 
“ Koliactoty .Materi.tls." They consist .is .1 lule of dulonntr or magnesite, but 
oilier materials are used akso. 

The general design of hxed o|)en In artli furnari s used in both the aeiil .ind 
basic prill esscs is the same, allliongh m certain iliiin nsions they differ. The 
basic-lined furnace hearths are in.iih huger tli.fn ai id-liiieil lurii.n 1 s ol the same 
nominal capacity, to iietiiiit ol snp|)lies of lime and ore and other oxides 
being added 

Various Open-hearth Furnace Processes, rroecssi s wlmh are generally 
known as the “ pig and si ra|i," the " ]iig, sria]!, and ore," the "pig and ore," 
and the ‘‘scrap and i arhon,” .in- common to both llic acid and basic open- 
hearth |)r 0 ( essi.s Most Ilf the .ihove proi esses wcii; i.uind out originally in 
fixed 0|>eii-ln arth fnriiares with cold metal charges, and a huge |>roporlioii ol 
the steclwoiks to-day em[)loy the fixed open-hearth lniiia<e in iirilcrciu t: to the 
tilling furnace. * , 

The Basic Open-hearth Fixed Furnace. The method i miiluyi.d m the fixed 
furnace [iractice, win n cold ihargcs are used, depends laigily upon local 
conditions. If pig iron is cheaiier than scrap, only tin- sintahle scTiip steel and 
iron made in the works are used again in the 1 liarges, with additions of ore, 
lime, and scale to produce the necessary reai tions. If scrap ahomuls and is 
found more economical for use than ]iig iron, very large jicri cniages are 
employed, with additions of coal, if necessary, to supply extra larbon to the 
charge. Where the use of jng iron is prohilntive hy reason of price, the scrap 
and carbon process, such as pro[)OSed hy l.copohi I's/c/olka of (jrar,' might be 

‘ Uithniann, “ Hnssic n-hcaith htcci,” p 253 
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employed. The most common practice is to use pig iron, scrap steel and iron, 
and oxides, in profKirtions which will produce the steel required in the most 
lapid manner and at least cost. 

The progress of the operation of a typical charge in the fixed open-hearth 
furnace may be described as follows, .\fter the furnace bottom has been 
repaired with dolomite mixed with tar, or with dry dolomite for drying up holes, 
the furnace is < barged by hand or machine charged. The hand-charging of 
even a 25 ton furnace takes a long lime, several hours elapsing before the 
materials are completely deposited in the,furnace. This practice of prolonging 
the time of charging varies at different works. Time and metalliferous slag are 
added with the charge, sometimes before the cold pig iron, at other times during 
the progress of the additions of pig iron and scrap. Small amounts of coal are 
added usually after the pig non and before the scrap, when low percentages of 
]>ig iron an; used in the charge Sometimes the charging will continue, when 
done by band, for 9 or 10 hours, the melting proceeding meanwhile and the 
entire (barge being melteii in about r to 2 hours after the charging is completed. 
A melting sanqile is taken to ascertain,the condition of the metal in the bath, 
alter which additions of oxides are made according to the rate of oxidation it is 
desiied to iiromote. In about r hour after the metal ii iiulted, the boil 
(ominences and the n fining proceeds, the carbon and other elements being 
leduced as resiuired. This may be done by removing practically all the carbon 
jircsent and adding the required amount afterwards, or byariesting the oxidation 
of the oiiginal carbon in llie metal at the point desired. 

'I'he silicon and manganese are readily removed by the oxidising inlluence 
of the (lame. Additions of ferro-manganese, and sometimes ferio-silicon, have 
to be made to the steel as a rule when the heat is finished or as the steel is 
being tapped into the ladle, to bring it to the standard required. 

The elimination of phosphorus and sulphur present.s the greatest difficulty, 
ff the ]ihos|>horus a|iproaches o r per cent, and the sulphur is still high, say 
about the .same percentage, Ixilb ran be reduced with additions of fluorspar and 
lime, about twice the amount of the foimer being used. If, however, the 
phosiihorus is low, say about 0 04 per cent., and it is desired to remove the 
sulphur, the addition ol fluorspar will not produce satisfactory results, and 
the heal will become diHicult to pontrol. Hence the necessity of careful tests 
for phosphorus and sul[)hur during the finishing stages of the heat, to avoid 
tioulilesome and wild metal. 

'I'he time lecjuired to complete a heat from the start of the boil varies 
according to the materials in the charge, etc., but as a rule from r to 3 hours 
are taken to finish the beat. 

MoI.TKN MKTAL OI'KN-IIKARTII Pkoci'sses 

Tor many yeais past molten metal charges, both in part and as a whole, 
have been employed in the basic open-hearth furna'ce. The important economy 
in utilising the initial heat of the blast furnace metal, and thereby .accelerating 
the reactions in the open-hearth furn.ace, shortening the duration of the heat, 
increasing the output, and reducing the fuel consumption, indicate an immense 
gain to be derived from molten metal charges. 

Many difficulties, however, had to be overcome and modifications made in 
the working of the molten charges, before successful and rapid steel manufacture 
became an .iccom])lished fact. Much disappointment was also experienced by 
many of those employed in trying to overcome the difficulties. What appeared 
on the surface a very economical method proved, under some conditions, more 
costly than the ordinary pig and scrap process. With molten metal the lining of 
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the furnace was frequently damaged, holes being made in tlio botiom, nlule the 
banks and walls were scoured by the cutting action of the oxid. s, which, ol 
necessity, were reiiuiied in excess to reduce theeh niente in a cliaige whollv ol pig 
iron, thus producing an iinwieldy anioiiiu ol el.ig, which I'u'.pienlly cmiilowcci 
the banks and ] orts, escaping through the dooiwajs and also into the 
regenerators before it could be removed. , 

These diniculties, as well as that of removing thi‘ slags from the lised fiiinai-e, 
led to the introduction of the tilting opeii-hcailh furnace, which made the 
removal of the slag a very sim|ile o|<eraticiii. The bottom and walls ol the 
furnace were not so subject to detcrioiation, seeing that the iiuial in tl.c bath 
could be moved from time to time during the operation. This di vclopmcnl, 
which was made possible by the use ol the Wellman Tilling luinaic', and 
subsequently modified and improved by the t'ampbc ll Tilling I iiin.u e, was a 
distinct adv.intage in working the jirc'Ccss 

Campbell,' writing on the adxanl.iges ol Ins furnace, sa\s that nowhere else 
has iron been worked directly fumi the blast Intmflc wilhmil the m-c cd .1 
receiver, with kihcon varying lioifl 0 5 uf to 5 0 pc i c , ni , and wiih 110 prohibi 
lory trouble from fiothing or fioin loss ol tune. I his lioiiblc is .oench d hy the 
ability to tip the liTrnace and pnwent tin iin lal and sl.ig Incm ll.jwing cnit ol ihe 
door on the freiiil side, there being no doni on the t.ip boh- si,h , the esc c ss of 
slag being provided for by boles left m tin- bolloni ol tin pent opening 
W’lnlc it was possible at Stc-elion Steel Works, Tc iinsvIv.mia, to ii.c pig 
iron from the blast furnace with such var\ing silicon conic nis because ot 
the ease of iiianiiinlation c>f the ('am| 4 )c II Tilling Tiirnace, )i t in oiln t steel 
works one of tlie chief Inndtanees to the suite c ss ,A man) ol Ibe molten nn i.il 
charges in the basic oiien-liearlh fnin.fcc- was cine to the nngiil.inty ol the 
composition of the metal from the blast liiniacc . 

Since the introduction of the mixi r m iH.Hij, a most disiiiicl ailvnin c- in die 
rapid development of steel manuf.iclnre lias been made. At fust it was 
jirincqially used as a collector of iron fiom the blast Inrii.n e, giving nmlorimty 
in the roin|ic)silion of the basic- iron supplied to the finii.n e. I In- iiiixi r, bow 
ever, has long since prcvvccl ter be mon- than .1 c'lllic.tor oi metal hn easy 
distribution, and lias taken the place ol a’inelmnnaiy leliin 1 ul the me l.il in 
many works, at the same time raising the temp»ratnie cil the basic- non be lore it 
reaches the ojieivhcailh furnace. 

Some mixers arc more like Inige lilting fnrnac.s, with .ill the hc-.iting and 
regenerating ecpiipmenl of the ordinary modem open hearth Ininac e, ami pl.iy Ihe 
part of nUermecIiate furnacc-s for c'onsiderably ic.chi' mg the- rnaiigam se, sihccni, 
phosphorus, and sulpliur from the metal before it is taken to the b.isic open- 
hearth furnaces for Tmal relimng. Othe r mixers .irc- simply use d as c-olh c tors 
and dcsull>hunsers, supplying metal ot uniform comjiosilion .nvl l< mpe rature to 
meet the conditions reiimred. • 

For both the IJesscmer ajul open-hearth [crocesses, the mixer has hu-ii of 
very great value (See ( hapter XXX. for ilhistraPioiis ami clc srnplions cjf mi\c rsj. 
The mixer has been, in some measure, the ,snp[)Ianler of the I’c ssc inccr c onve rtei, 
and like furnaces, as far as their association with open-hearth fiiniaies as 
preliminary refiners is concerned. What have- hern long kmiwii .is ciniilex 
processes in steel making, are still conducted in the I S .\., 1 anacl.i, Mexico, 
and Japan (although a|i|.arciuly abandoned on the Contine nt •'). I In se had for 
their object the partial rermement of otherwise troiililcsoine c h iiicnbi, the; 
presence of vvhich in the basic open-hearth furnace would haver made the 
process impossible in some cases, d lien, again, tin- rapidity of output was 

• C.ini|)b< 11, “ NfcjTl!iut;y of Iron .trvl f 1, ’ 1 

^ “ Iron r»n'l 1 b 1^'.w,' 1910, j*. 
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anotlier special feature. 'I'hcse functions can be performed now, to some extent, 
by the mi.xer. 

As lont; ago as 1S78,' at Witkowitz, the liessomer converter was used for 
refining the metal before passing it on to the open-hearth basic furnace, and 
since then it has been employed in several works. In America it is used in the 
works of •Jones and I.aughlin, Pittsburg, and the Dominion Iron and Steel 
Do., Sydney, Nova Scotia,'' as well as in other notable works in conjunction 
with the basic open-hearth furn.ice. 

Other eoinhinations of furnaces .arc now used, such as the basic open-hearth 
and electric furnace. Among other users of this combination are the American 
Steel and Wire Co., Worecster, Mass., U.S ,\. A llessemer electric furnace has 
also been introduced by Verdon Cults and lloult of Sheffield, which has for its 
object the ra[)id production of .steel without transferring the blown metal to 
another furnace; no results of actual steel made from this process appear to have 
been piililished, 

.Many modilic.ations aiUl combinations of furnaces have been introduced to 
accelerate the production of steel, and with the* object of using various grades of 
pig iron, not always distinctly basic or acid iron. Among the many jirocesses 
whiih are principally adapted for the use of molten metSl charges are the 
following : 'I'he Wilkowitz, Ps/,c/,olka-l)aelen, Itertrand-'l'hiel or Hoesch, 
Talbot t ainlinuous, Moncll and Rces-james, and others. 

The distinctive features of eacli ol these processes may he hrielly summarised 
as follows:— 

The Witkowitz Duplex Process. -This process consists of converting iron 
into steel wlm h contains too much phos[ihorus for the .acid and too little for the 
basic llessemer process. The partial'deoxidation of ni.anganese, silicon, and 
carbon in the acid Bessemer, and the subseipient removal of these elements, 
together with the pliosjihortis in the basic Olien-hearth furnace, forms the basis 
of the process. When the process was introduced at \\ itkowit/, iron containing 
3'7 per cent. C; I’a jier cent. Si; 2”] per cent. .Mn; o'2 jier cent. P ; and 
002 iier cent. S, was fust converted to metal containing 0 i per cent. C and 
o'.( pet cent. Mn, with noicdiu tion of jihosphorus and sulirtiur, and was subse- 
ipienlly refined 111 the basic open hearth in the ordinary way. \ charge of 
10 tons wars blown in the aciik lined converter for about 8 mmiilcs, and 
finished in the basic open-hearth furnace in about 3 hours, if no scrap or 
extra pig iron were added.’ 

The Pszczolka-Daelen Process.—This process is based upon the same 
principle as that employed at Witkowitz, and consists of the removal (in a 
converting vessel) of a largo portion of the impurities from blast furnace metal, 
before the steel is finished in the open-hearth furnace. The difl'erence in the 
method of carrying it out appears to have been in the use of a specially con- 
struclca.1 ladle, into which the metal w.as taliped direct from the blastfurnace, 
and from thence into the open-hearlli furnace, the jiartial removal of the 
impurities being carried out liefiarc the metal was poured into the open-hearth 
furnace. 

At Kromp.ach, in Hungarc,* a lo ton fixed, box-shaped converter ladle was 
used, into which hot blast at a low pressure was blown through inclined tuyeres 
on to the suif.ice of the metal supplied fiom the blast furmace. The waste in 
reducing the iron containing 3'5 per cent. C, 2'2 per cent. Ntn, and I’o per 
cent. Si, to a carbon content of about ro per cent., was about y'ap per cent. 
The iron, when transferred to the basic open-hearth furnace, was finished in the 
usual manner. A gain in the rate of output was reckoned as erpial to 7 heats in 

* '‘Iron .\gc,” vol. 70, p. 6o<). * /Zi./, vol. Isy, p. 115S. 

* /.b,/., vol. 76, p. 609. 1 "Journal Iron .ind Steel Institute," 1904, II, p 589. 
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34 hours, against 6 heats in the same time nf ordinary su.ij' nui.ilwiili .old 
charges containing t (rer cent, of carhon. I'hcre was also a saving m lu.'l < nual 
to 2 to cwts. of coat |>cr ton of steel outimt-g cats of coal |«i ton 

being requited in tlie molten process against 5 to 5I ewts. m the cold seiap 

melting. 

('onsiderahlo diflieultiis arose m the use of the liox-shais d eoiunrler, wlneh 
led to other forms being tried, hut it does not .qqie.ir th.it the |iioeiss has had 
wide application. 

The Bertrand'Thiel or Hoesch Precess.- - I he l(e'tr.md'1 hiel proiess datis 
back to i,S94, when it was patented. .Mr. John II. Ihuby and Mr. C.eotge 
Hatton, 111 writing on “ Recent Hevelopiiients ol the Ih itiand 1 he 1 Ihor. ss in 
the Maiuirarture of Steel,”' stale that in then opinion the h.isis |..r the use of 
two furnaces in the piocess is expressed in the words ol .\ I,, d. Inn. ” that it 
two substances leai t on eai h other i In inn alb, this le.nlioii pioceids more 
slowly the mole the two sulislanccs air diliiUd In- oih. r suhst.iines which 

remain ineit. In other words, the greater the i m ess ol one of the two n ai ting 

substances the more quickly is tile chi inical eonv< ision of ilu other . omph ti d." 

In the ])a|)er rcfeired to by Parby and ll.iltim, the woiking ol ih. pioi.ss at 
I’ryinbo, l\Oiind*f)ak, and at the llocsili Woiks, Hoiiiniind, is desuilud. 
.Since 1905, when these developnunts were lei oided, hiilhi r ilnpniM iin nts li.ive 
been made. 

The original object was the removal ol large accuiiiul.nioiis of sl.ig foimerl in 
the earlier part of the pioccss wliih- melting solid ch.iiges . whnli, il h It to the 
end ol the heal, would become veiy troublesome, hindi r tin- i.ite ol oiitpul, .ind 
imjiovensh the quality ol the iirodint. To carry out the pioiiss, two open- 
hearth fixed lurnaces wen- emplojed. *ln one linn.ice the phosphorn pig non 
was melli’d, and the bulk ol the phosphorus and most ol the silicon, with p.irl ol 
the carbon and mangtiin so, wi re reniovi d In Ihe sei ond liiin.n 1 , s. i.ip slei I, 
with suitable additions of iron on- .ind lime, wire ch.ngid ,iiid he.iti d bi fore 
pouring into tbe lurnaie the molten metal from tin fust Inrn.ii. In ihaiging 
the molten metal into the sei ond fiiinace, care was i.ikeii to piexeiU sl.igs Irom 
the first liirnace being charged with the metal. 

l-rom SIX to seven 20'ton luats of soft stiel < onld he piodm ed in Ihis way 
every 24 hours .'\t Itrjinho and .it the Iloe*ih Works, ahoiit tin jo-toii hi .Us 
were produced in 24 hours Mr Springoium," the m.iii.igi r ol the I loc i h Works, 
said the iron they used i onl.uiied 1 .S |iei cent. 1', o 3 1,, 1; pc r 11 nt hi, .mil 

r '5 [ler cent. Mn, and that there was no dillH nity in gelling n giil.iily 0015 per 
cent. R in solt stiel and oo2tooo) jier 1 ent. in haul si. el lie stated .ilso 
that 9 to 10 heats were obtained m 2) hoiiis, working witli Ibiid 1 h.iiges in the 
primari furnace The life ol tin lurnai e was 240 1 h.iiges wilhonl repairs 

rile jireseiit method adopted with iinich siu cess at the 1 bn s, h Woiks, is 
that of converting to slei 1 molten pig iron from the mixer, in two sl.ig*is, wilh 
the use of one fiiriiac e l!i lyre the lliiid iron is 1 liargc d into tin hirii.u i, lime, 
iron ore, and rolling mill scale, are |ilarid on^he bottom ol tin furnace hearth 
Immedi.itely the molten metal is cli.irgi d, nsu tioiis roniim in 1. and phos|ihoins 
is rapidly oxidised, while the metal is at a modi r.Uely low ii mpi i.iliire, m the 
presence of [ilenty of lime, 'I'his is one of tin sjiecial feitiins ol tin- proiess, 
.\hout 2J hours alter the rommenrement of the In at, during wlin h tin !■ iiqiera- 
ture has risen lonsiderably, and the phos|)horiis has Im n riilnrcd to .ilioiit o'j 
per cent., the whole charge is tajipiii into .1 ladle, tin sl.ig pound olf, and the 
partly converted iron returned to the liiinaci, hut not In lore more additions of 
lime, ore, and scrap, have been made riie < barge is linn finished, during 

* ‘‘ Jnlifjl ll IrriH .Itl'l Si' ' 1 IllStHnfe,'’ !'/’>, 1’ m- 

' Ibui , I, p. IJ 2 . 
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•Vhich period additions of scale and lime are made, together with ferro manganese, 
before the metal is tapped. 

In ’I'alde I.XXVIl (p. 269), given by Dr. O. Petersen,' are recorded the 
chemical changes wliicli take place during the progress of a typical heat hy the 
Hoesch process. 

It wdl.he observed that in little more than one hour from the time of 
charging the molten iron, the phosphorus is reduced from f86 to o’37 jicr cent., 
and the slag contains over 22 jier cent, of ijhosphoric acid. During the same 
period the carbon is reduced about 50 pel cent., while the manganese, which, at 
the beginning of the [irocess, was rapidly converted to MnD, returns partly from 
the slag to the metal as the temperature of die bath increases and the oxidation 
of carbon proceeds. With reference to silicon, only traces of it remain during 
the first period, as it is removed at the 1 ommencement of the process. 

Before the second period commences, a liberal addition of spathic ore, with 
scrap and lime, are charged into the furnace, the ore containing from 9 to 10 
per cent, of manganese. ?\n ore high in manganese is necessary, owing to the 
depleted manganese condition of the iren wheli returned to the furnace. 'I’he 
slag formed during the second period is rich in manganous oxide, and as the 
process [iroi eeds an ai live deoxidation of the carbon takes iilSre, particularly in 
the early stages of the second period. 'I'he manganese is likewise reduced from 
the slag during the process, forming an important deoxidiser. The removal of 
the phosphorus proceeds uniformly throughout the second period, and the re¬ 
duction of the suliihur is .about the same during each [leriod. Other interesting 
facts are disclosed hy an examination of the metal and slag an.dy.ses given. 

With reference to the life of the furnace, the average number of charges made 
from one lining is 400, the bulkheads of* the furnace being re|)aired once during 
the same output. The health lasts about 2 to 3 years, and the cheipiers are 
renewed every 600 to 800 heats. 

The Talbot Process. -This process stands out distinctly from the other 
molten metal proces.ses in so far that it provides a means of continuous steel 
making. The principle of the jirocess is liased on the rapid docarburisation of 
molten pig iron when charged into a bath of licpiid low carbon steel of 4 to 
5 times the amount of iron charged. As the temperature of the hath of metal 
IS higher, and the carbon content.niuch lower than that of the iron charged, the 
reactions proceed most vigorously between the iminnitics in the iron and the 
highly oxidised slags, formed by tlie large additions of lime and scale made to 
the bath before the molten jiig iron is charged. 

'I'hc process is conducted in a tilting open-hearth furnace, in which the 
formation and removal of slag can ho nianipulited easily. Purnaccs up to 250 
tons capacity are in constant operation, producing from 50 to 80 tons of steel 
every 3 to .4 hours. This process is particularly applicable to the manufacture 
of miliV steel. 

In Chapter XXXV this process is dealt with njore fully. 

The Talbot Continuous Process in Fixed Open-hearth Furnaces.—In 1905, 
Mr. S. Sur/.ycki - gave an account of the operation of a 25-ton fixed 0[)cn-hearth 
basic furnace at the Czenstochowa, Poland, in which continuous steel making, 
based upon the principle of the 'I’albot process, was carried out with success. 

The operation was conducted hy having two tapping holes at different levels 
in the furnace, instead of only one. The whole, or part of the contents of the 
furnace, could be theiefore tapped as desired. In a 25-ton furnace, 40 
to 45 tons of metal were charged, and from this 25 tons were tapped 
by opening the upper tap hole, leaving 15 tons of low carbon steel in 

' “ Iron anil Coal Tr.actes Review,” vnl So, p. SS. 

' “Journal Iron and Steel Inslltmc,'' 1905, I, pp. 112-121 
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the furnace. By additions of ore and lime, the bath of steel was raised to a 
highly oxidised state before fresh additions of molten pig iron were made, 
so that the reactions were promoted immediately the iron entered the furnace. 
The ra|)idity of the operation in the furnace was accelerated by treating the 
molten metal in the ladle with finely ground, heated ore, which was shovelled 
into the stream of iron as it was run into the ladles from the blast furnace, before 
it was charged into the open-hearth furnace. By doing this, less ore was 
required in tlie furnace. 

The furnace used was 26 ft. 3 in. lon^ between blocks, 8 ft. 7 in. wide, and 
I ft. 8 in. to 2 ft. deep. During its first campaign, 574 charges were made, and 
after repairing the jiorts and roof and repacking the regenerator chambers, the 
furnace made over 690 charges and was not worn out. 

The pig iron used contained— 


Carbon 

. . . . up to 3'o 

0/ 

/o 

Grapliite . 

.... „ 37 

% 

Silicon . . 

. . •. . 6'8 to rq 

0 ' 

Manganese 

. . 0-0 „ 1-5 

'm> 

Phosphorus 

0'5 „ 0-8 

0 ' * 

,'o 

Sulphur 

. . 0-02 „ o-io";, 

The furnace produces 3 heats, each of 25 tons, per day of 24 hours, and the 

consumption of materials for one 

month is given below ;- 

— 


f.ls 

i. per ton of 

Cold (lig iron 

. . ^ r4o'8 . 

• 1547 

Molten „ 

1809-5 

1991*0 

Ferro-nianganese 

. . 20-9 . . 

. 22*9 

Scra[) . 

. . 19-8 • 

21-8 

Iron ore (K.rivoi-Uog 

). . 458-1 . 

504-0 

Lime . . . 

■ • I 4 t '3 

i 58'4 

Aluminium . . . 

0 o.H 


Burnt dolomite 

107-7 

118-4 

Chrome ore . 

2 0 

2*2 


I'roihicts; 20037 tons good ingots; grS tons scrap. Yield, 10272 per 
cent. Number of days, 26. Production per day, 77'o7 tons. 

The Monell and Rees-Jamee Process. -This process is a modification of the 
Monell process which was patented in rgoo, and differs in principle from the 
Bertrand-Thiol or Hoesch process, in the em[iloymenl of one ordinary open- 
hearth basic furnace, in which the phosphorus 111 the pig iron is rapidly reduced 
before much of the carbon is removed. The chief point of dilference in working 
the process, is in bringing tbe oxides of lime and magnesia (which are charged 
into the furnace before tbe molten metal), to a very high heat, bordering on 
fusion. The result is a large foriliation of slag, while the relatively low temiier- 
ature of the metal favours the rapid oxidation of phosphorus, silicon, and 
manganese, jiart of the carhon being reduced at the same time. About 80 jrer 
cent, of the slag is removed, and the bath, which is now m a favourable condi¬ 
tion to be acted upon by the flame, is converted to steel in the ordinary way by 
the use of suitable oxides. The object of the process is rapid production. 

description of the Monell process, .as used at the Homestead Steel Works, 
U.S.A., is given by C. W. Tidestrom.* It is stated that the hearth of the 
furnace consists of magnetite, and upon it are charged 3 tons of limestone, and 
afterwards 10 to i'2 tons of preheated ore is charged, according to the amount 

‘ “ llilwuig all Jetnkonlotcts Annalcr,” 1903, pp. 35i"Sf^8, 3S9-401. 
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of silicon in the pig iron used. In .ibout 90 minutes, when the ore is ne.irly 
melted, 40 tons of molten jiig iron arc charged direct from the Id.rst liiinaie. 
The action which ensues jiri^uces a thick foaming sl.ig, duiiiig wliuli most ul 
the phosphorus, silicon, and manganese, and p.irt of the eailioii aie lediired. In 
about 1 hours after the jiig iron is charged, the large rpiantity ol slag tormed 
is tapiied off through a hole about 4 inches .ibore the -.url.iie ol Uie metal, 
leaving a thin coating of slag, favourable to complete the dieailuiiisalion ol ihe 
metal. The pig iro.'i used contained, C, 3'9o per Ci nt . bi, o 5 to o <) p< r n iit.; 
Mil, o'8 to o'9 per cent.; P, 0 5 to o'S^ier leiit ; S, o’o) to 007 per cent. 

The ore contained, he, 64 o per cent.; Si, 4 o jier cent,; .\ln, 01 pi 1 leiit.; 
P, o-i per cent. 

The slag analysis was, SiOj, 20 per cent. ; 1 -e, 20 to is [ir cent. , IVb, 
3 to 5 per cent. ; Lime, 20 to 25 (ler cent. 

From 16 to iS heats were produced per week, yielding tko to yco tons ol 
ingots equal to 100 to 102 per cent, of the charge. The lime taken duiiiig inih 
heat was from 7^ to 8.J hours. 

The Knoth Process .\ molteli metal proces.s,' pat< uted by lb my Kiioib of 
Birmingham, Alabama, U S .L., deserves mention, as it embodies p.iil of the 
principle on whicirthe Talbot continuous process is based, hut is (.itiml out in 
the ordinary fixed opeii-bearth fuinacc. Instead, howcM-r, ol p.ut ol tin- sled 
being retained in the furnace, necessitating two laiqiing hoKs at dilii rent levels 
as ill the Sur/ycki furnace, all the charge is t.ippul into a ladle, time lomths ol 
which IS poured into moulds, the remainder being returned to the furii.ici alter 
being mixed with fresh molten |iig iron to m.ike up the enliic (li.irge. Ihe 
diluting'of the pig iron with low c.uhon sled is saiil to shorten the proi css, but 
no details of the operation of a charge r^an he loiiml n 1 orded, .ind it sci 111s to 
us that the Hocscli and 'I'alhot processes are more erunoiim.il. 

* “ Iruii Age,” \ol. 70, [• 5. 
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THE nEVELOl’ME.\r OF THE OFES-IIEARI'H FURXACF. 

Historical.—So much has hoon written about the (hfftculties experienced hy 
the lirotlxTs Siemens in their endeavours to perfect their regenerative gas-fired 
furnace for steel manufacture, that it is only necessary here to mate a very 
brief historical reference to tlie early stages jn its develoimient. Prior to the 
experiiiienis of Sir W. Siemens and his brother Krederick, many inventors and 
others had devoted much time and talent to the improvem«nt of the lurnaces 
used lor puddling iron, and for producing steel direct from the ore. The 
application to furnaces of regenerators for heating the air of combustion hy the 

waste heat from the fur¬ 
nace, was a dustinct and 
new feature in furnaces 
for steel heating and 
melting. It was several 
yeais after Frederick 
Siemens patented his 
furnace in 1S56, which 
is illustrated in I'lg. 123, 
before it was adapted to 
steel mamifar ture with 
any eommercial success. 

For reheating steel, 
Siemens had soon ample 
liroof of the success of 
his furnace, and this en¬ 
couraged experiments 
with It for steel melting. 
In 1SO2, Siemens de¬ 
signed a furnar e for 
( has. Attwood, of Tow- 
law, Durham, and in the following year a large furnace was built at the 
Montlucon Works in France, awd operated by l*/r. Dtto Siemens, both furmaces 
being for steel manufacture. Neither furnace gave the commr riial results 
looked lor, and Siemens obtained works m llirmingham, afterwards called his 
Sample Steel Works, wrth the object of perfecting his design .\t these works 
ho conditeted many experiments, and while improving the drsign of his furnace, 
he was also rstablishing, upon an enduring foundation, the process of steel 
manufacture which is known hy his name. 

At the woiks of the liolton Steel Co. and the Harrow Hematite Co., 
Siemens’ gas-firerl regenerative furnaces had been emplojed for puddling iron 
and for heating steel respectively, prior to 1866-7, hut during these years the 
furnai es were used for a short time for steel manufacture. The results obtained 
did not satisfy Siemens, and he made further experiments at his own Sample 
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Works in Hira)ingh.im, and uhiinatclv, in i86v'', ihc I^aiuliac Sanuns Co. 
uas lornicd In the same \ear, his furn.n e \^n.s mslallcd at the ( K we Woiks <'l 
the 1 . \ N. V. Kailw.i) Co h) Raiiisholtcin, wlio w.is tin n tiiyiiRcr It w.i' 
used for the nui’mf.uturo ot steel by the |>:i' aiul su.ip j'r>'<ess. \\!n<h had Ix-eii 
deV(.lo|X*d h) tin* ho'tfnrs M.ulin, i.>l in I'l.ince, who h.id I'een e\p<‘ri- 

mcntin^ with tlu Mt im ns hirnat e (lor whu h ihiy li.id Ijm nci ), wlule Siemens 
was comlurtin^ Ir.s exjKnincnls m bniain 

Development in Design. Ihe de\ilopment in the disi^t^ of the o|Hn heardi 
furnace aiul tlu- perfoiin^ <>1 tlu prot^sats coiulmttd therun. went on sinml' 
taneousl) '1 he hi^li temj>er.ituti.s nei(Ns.ij) to produce tlu- d<Mr(d iisults m 
slccl-m,ikin»; Wire sirysrxcie upon the mail ri.iK vsi)ii ii toiiuid tlu' hnin^s ot 
the furn.u >'Ihe tinijvr.Uuris atleiicd some parts o| tlu luriKne nu.n- than 
others, whuh h d to uuxluu alums in the lorni ot tlu- tool, hr.irth, ports, and 
reftencrator.s linprovi nunts \m re made dsv) in t)ie thus .uul vah«s, witli ihi- 
<ihj« et ol oht.nnino a hiL:iur i tlu'u*n< v from ilu* various kinds of hu Is used 
During more ncdit )ears, "iiu e liu- inlrodu* lum o(* the hasu Iinini;, lilting; 
turnai I s li.ivi* hcen I iiijiloved to f«( ihlalg tlu l ontiol and rinuo.il i l the sla^s 
which are fonncvl iliinn..; tlu j-ioiess ol s(i» ! mamilai lute. 'I liesc tiUmp 
furnaces have lu* 1. d« velopc d on a \t i\ « oie.uh lahle m .i!r wiih L;reat siu ei ss, 
lor the prodiK tion ot lai.;e outputs <} viiil l*totn the lollow in^; di si rij lion of 
the gradual iniprovi iiu ills in ilie di sp;n ot the opi-n luarth lurnae<'. it will he 
oIjsi rv( il that tlu modern lurn uu l.isnaelud its pn si m si.ii^c o| di \i lopmenl 
as the n suit of the l.diours of m.inv exju-nnu ntahsts, w uh .uupU ivideiuc ol 
wlueli the I'atenl < Mtiee u i ords aliound 

First Open hearth Furnace with Regenerators In l-u: i.’p to whuh 
refereme already has lu en mad( , .f s(.t*uial plan is shown of the Inst luin.tei* 
with nlu-ralofs, for whuh l-icd. >1'iiu ns obtauud a p.ih lit in iS:;o '1 he 
regeiu.r.Uois shown hihmd tlu hirn.u- W(ie inti luh d foi iii.ilin); iIk an only, 
wliieli uiiitid with llie ^;ases from ihe solid liu i as tlu v p.rsi d into the hiina<'e. 
I’hc hii'kwork in the n ^i lu-iativ e I hanihi fs ahsofhi il lh« Inal Imm ihewash- 
easts on tlu u wav to tlu- iluiuiuv, .nui wlun tlu- valve was tiVM'.uI, wliivli 
admiltnl air to tlu u e* lu-i.ilor, throueli vshu h thi hot ^.-ast s had |us|i..is«d to 

pass, the hru kwork e iv- up its ht it to tlx < ohl .111 <m its wa\ to tlu funia< 1 

Siemens < lauiu'd in his paUiil that his (urya< e w.is apph-.ildt to tin uo-of 
fjascous or solid fiu Is, and in this i]i.si;.'n art found tin < K iiu ills of the rt-* 
^oiurativf piiiu ij'le as <ippl u d to the o|tnduarlh and oliu r sit < I lu aim;; and 
nicUtt'>; luinai t 

In a paper ‘ rontnlmtid to the Instiiutuin of M' < 1 anu al I* n;.;ini t rs in iH;] 
by Mr C W. Su im ns, 1 ,< '•.ml that tin invinlion of tlu n ;:i.iu i.itivt- luinaie 

was due to tu^ lir-ulu 1, Mr. l-ndiiuk Su nu ns, aiul that tlu savin;.; in fiu I 

tllcrlcd tlu nhy o\tr the plants in common use at ll1.1l ptfuul .iiiuuintt d to 

from "e to pt r (tnl. l-i;;. i.’t shows tlu fuinai' as ilhisli.iltd 1 ^^ Mr. 
Siemens, ami it will he olo* r\< <1 ih il 'he ri lu r.itois .0' undn tlu (iiriuu e, .nid 
not lu hmd. as shown in I 1 ' 1 f p • 

For soim-)<ars this ivpe- ol (urnace, in a mo(lifu<l f'»im, was used at the 
steel works of Mes-rs. Marnot Atkinson, ol Sheltuld,' for luatn,; sti c I. 
Instead of iisin-4 lw<^ firi jilact s and one lu-alin;; ( haml" r, as shown in I-i;;. ij}, 
a furnace with one hrephue and two healing thamlHis was used, h.avin;; a 
regenerator.it the eml ol ca< h liealmg iliamiur. 'riu; ri ason h^r ahiiuhaiing 
the furnace with two fireplaces was that b(.»ih firej'lai'S iiad to hi ir.ivirsed in 
succession by the hrated air, so that tlie fuel of iht- st-iond fiiej'lace was cun- 
sinned to no purjnvse 

“ I’rorr. rl'i) > Im'-i. of Mtchanr* .il 1 h^^iiicsrs,” l>'57, | p m 3 ill. 

* IS62. , 23. 
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Gas and Air fiegenerators.—It «as not until the brothers Siemens intro¬ 
duced their (las Producer and Regenerators combined, in 1862, that the jirin- 
ciple of regeneration was applied to the healing of both gas and air. The 



Sectional Plan 


Fu'.. 124.—Sitmen-.’ I'nrnacc with Hegencralors bclf>u Ht'arih. 


type of producer ii-sed is .slio«n in big, 186, Chapter XXXI on (las Producers, 
The regenerators eonsisted of one chamher, built below the furn.ace, having 
four separate compartments, two of whuh Here in communication with each 
end of the furnace, and arranged «ilh valves hIiicIi piovided prariimlly the 



Fig. 125.—Siemens’ Rotating Furnace (1872). 


same reversing action, with slight mechanical differences in design, as found 
in furnaces of to day. 



























THE DKVELOPMFSf OF THE OPEX-HEARTH iCRSAiE 


Rotating Furnaco In 187^,0. W Sununs jMl«.nlMl a Initi.ur, 

Wilhwliuh ho U'-cvl foi:r r« neiai^'ts His oliict t .U iliw (mu’ tlu <lif(ui 
pro<iurii'»n of li"ni tho uro. In tins fuin.ut iu* ii'nl .» luim^ in.idr 

calcined I'auxUc. I*'’ I-’* tn.»(<lKr. \s N<ry 

^atl^factOT\ It Mills Wire ol'lnncd >Mih this Imn.ui- al Ins S.iinplf W'oiks in 
lliriuii^hatn, \\.>rks 'v* re < rc» I'at Ivuvca^Ur, Noidininjl-'n. aiul ^laiud m 
1875. riic) (lul not i’ro\c, hovsocr, (•> !*c I'riifil iM.\ aiul wnc (lien lore 
tlisconluiutul. It is lu\( nil' ll ss ml'li> note that >t( tiu iis «lul i»j>t tali’ 
a roialin.; lurnaii- ^lu <■< •'■'tuils. in su liu- a'Uanl u< s nhiaiiu <1 Iivmu iillin^ 
turnaci'S lo ila\ I \ 2 \ ‘•lunss a sci lumal cK valn'ti el ‘■'m nu us luinai r 

Pernol’s Open hearth Rotating Furnace in 18; j, i:u- 1'. m.it Koi.itnu; 
iMirnai'i' \sas mstalUd al '’’t ('iiainotul, l-iaiu o It « <himMs .>1 .1 . n, til.u In atlh 
tuminli'len a tnuk al an ana’*' *’i 5 In'i'i tlu luni I'ljtal. I lu’ 

Irui k IS of sj-i rial iS "it'n, lia\ ina a rnlli r path en u Im h lli- lutnai r lolati s l>v 
means ul sutlal-li a* ami.;- H-c lU’inhnuil livuk and luaiili »an It iIkumi 



Sectional End Elevjtion 

hi', j: 0 I'ln.-t'- 



SiM'lion.il h ont I li’v.Uion 

K-i.ni., ... 


from ihr fun n « < ImhiIu r mi rails. !• tp. w6 sluns s ilu- lui 11 n e ti n< k m |»itsiluin, 

slaiulin;.; upmi llu- t'i’i ef tin n .u lu iai<<i < li.mili'm 

'riu- i)l)|. ' I r>| tin’ relating in< liiu <l luMitli is l<» . xj.es, ni'T i h Iv llu* 

inelti il mill nnnu it- d ]"illmils el llu' < li u.;'' In llu ,i« limi el tlu llaiiu . 1 It 

charj^e of jol; non and si r ip is lu and to t« iliti > 1 u toi <• 1 ^ in.; < li u ,’,i d 1 lu’ 

rohl ef tlu fiirnari. app-ats to lu- a haiiur lo iis m lu lal lu.i , allium,di it is 

stall d I’mI \eiv k.’,ood slci 1 w a > oiitaiiud Iroin il J<an', ’a),' dial ihe cost 
of .1 turnaci’ capable ol \soikiii-i a cliaii^e o( 5500 llo is abmii / 1 i u;, iiu ludinj.; 
molui’ po'.M r. 

Regenerators with Dust Pockets In 1871^, (' W. su nu ns inttodmed a 
simple and cftec.lui. iiu ans of prminlm^ mills, ab .nul ollu r iron dml in llu- 
form oi o'^idio, and also lupiid • la^s, Iroin p' Ituu^ into llu rt ;;''iu ralor i bamlM rs 
and iluikvr bnrks. 'llu inti-ns- action of [lu hot ;.'ao s, ladi n uilfi dll'll 
partii ks, also fusi d llu- snrfae« of tlu bru al tlu biilkb' ids and pnuiiu ed 

sla^s wiiuh Irukhd do-.\,i upon the 'lu‘k<r \^otk in tlu’ < bainlu r- In I'l' 
127 it Hill be observed that llie line fiom the fiunai • poi t. a I < a< h mid of llu- 

Uirnaci drops vi rtu ally lu iwern llu air and ^a-. n ii' r.iloi ,, i \li lulin,- lu yoiid 

the port holes, h liu Ii < lUer the slap^ piu kc is lateral!y I toot s ai'- piov id- d al tlu: 
bottom ot each sla^ p u ki I through ubu li sLv may lu- retitov d p< nodu ally 
Rotating Furnace with Blast Pressure. -1 be roiatm.' liirna< > illustiati d m 

Fij;. 128 Has iiatenled by J K. jolmson m 1H76, with Uu obp < t ol proinolin^ 

mure rapid niamifac lure of ste* 1 by s' lulm,' sin ams of air und' r pressure 
through the metal, from tuyeres arrang'd le low the hearth cjI the furnace'. In 
' ]' -no, '“>Uu!,’ \> 4'', I 
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addition to the blast under pressure, a gas supply, with suitable admixture of 
air, was also deliver-d to the rotating furnace through the end ports. The 



Fii. 127—Siemens’ Frirnacc with Dust anJ Slag I’ockets. 


furnace was mounted on a special truck, upon which it could bo rotated to 
uncover the tuyeres when the hirst was not retiuired, and for discharging the 

metal after the com¬ 
pletion of the operations. 
The whole furnace could 
he moved bodily on the 
truck, from between the 
fixed gas and air ports, a.s 
desired The blast pipe 
Connections to the blast 
box were marie by means 
ol a ilexible |)ipe. The 
use of blast in the manner 
described, ir calls the ex¬ 
pel iments of (ieorge Parry 



tor. 12S—K' 


‘ W'itll Air bl rst. 


riling l''utn.ii 

at the I'ibbw Vale Iron Works m 1855. 
Protecting Furnace Roofs. - Pmnace 


roofs 


arc gem rally made of silica 
bricks for both .rrid and 
basic fnrn.irrs. Modifica¬ 
tions in the design of roofs 
have been made from time to 
time, with the object of ob- 
taimn; a higher elliciency 
fiom tlu- furnace, and also 
m irdncingthe wear of the 
materi.ils forming the roof. 
The change efl'ceted when 
the arched roof rejilaced the 
depressed roof was advan¬ 
tageous. In Fig, 129 are 
shown sections of a water- 
cooled furnace roof, for 
which a patent was obtained by W. L. Wise in 1875. It consists of a series of 



p'lo, 129 —Walcr-coolcit I-'iirnucc Roof. 
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six-^cial bricks arraiiucil lo form the furnace roof, ihrou^jh wimh ]iijvcs jvasn n>^hi 
across the crown of the furnace, as shown in Fig. i-’u. 'IIu* bnckwoik is kept 
cool by the free circulation of water. 

Regenerators at the Ends of the Furnace In 1S7; C. \V Siem<Ms 
obtained a patuit bu a furnat«‘ in winch llie ni;'niratois w« ic I'Lned at tlu' 
ends of the fumade instead ol iinditiKath I Ins was an nnpioNetnt lU ujHjn 
the bile! arrar.LpiiK ni. whuli may lie bumd in some w* iks in ilns il.iy, altliouL;ii 




P.trt S(»rri(jncil f^Un 
Fl'.. 130.—Tlic i’-.ilho l uftii'-*', 

defccii\<- <!u<- to ill- risk ol a running bottom j>la)Mi^ wiili tin < hambers 

below’. Jn modern furnaces the regenerators are pla* ed at the muI-v of ilic 
furnace or undt'rm ath tin woikin;^ plaff<;rm. \\’hMi the r< i;< n'ralors are placed 
below the hearth, it is usual to have a vault imniedi.it* I\ b* !<»w the reiiirc of the 
hearth between the rej^tncralors 

In Fi;; 130 IS siiown a furnace with four r< [;< n'-rators huili outside, and 
entirely clear of the furnace hearth. It is known as the Ibtho hurnace. 'Flic 
regenerators arc built in the form of cylmdri'al tanks, from wbu h the Hues arc 
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connected with the furnace ports and reversing valve-box, as shown in the illus¬ 
tration. One of the advantages claimed is the case with which the regenerators 
can he examined and repaired. 

Basic Lining for Furnaces.—It was in 1878 thatS. 0 . Thomas patented the 
mixture which led to the success of the basic linings for both open-hearth 
furnaces and liessemcr converters. The mixture proposed consisted of finely- 
ground magnesium limestone, with a solution of silicate of soda about 8 or 10 
per cent of its weight. When used in an open-hearth furnace, it was rammed 
round the bottom to form the hearth. Gcvcral modifications were made in the 
mixture first patented, which formed the subject of subsequent patents, before 
success was assured. Fuller reference is m.ade to basic linings and their com¬ 
positions, in Chapter II, Section III, on “ Refractory Materials.” 

Furnace Port Construction. —For some time after .Siemens introduced his 
gas-fired furnace with regenerators, the method of constructing the ports 
remained the same, that^^is, the gas and air ports were built through the ends of 
the furnace .at about the same level. It was found, however, that the roof near 
to the ports wasted rapidly by the action of Ihc incoming gases, and the ports 
also suffered by the cutting .action of the llanie as the gases left the furn.ace. 

This led to the ports being made longer and 
narrower, and the air ports being placed a little 
higher than the gas poits, to promote better com¬ 
bustion and a freer mixture of both gas and air. 

Several modific.ations of the original form of 
ports have been suggested and tried; some have 
cither pioved-efTcctive or led to a more durable 
construction. The following patents indicate 
some of the improvements suggested. 

Air Ports through Crown of Furnace.— 
Mackney in 1878, and H.ackney and Wades in 
1882, patented furnace ports in which the air 
entered through the crow 11 of the fui nacc, descend¬ 
ing vertically or at an angle towards the hearth, 
and mixing with the gases issuing from the gas port through the end of the 
furn.ace. In the later patent, the same arrangement of poits was maintained, but 



I'lirls. 




FlO. 131.—Hackney and Waites Furnace Forts. 


an auxili.ary combustion or working ch,imber was built independently of the 
furnace, but connected with it by means of comparatively light and portable 
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pipes, lined with refractory materials. Fig'. lyi and 153 show the Tlacliiicyand 
Hackney and Wades’ ports resi>ectively. 

Gas Port with Surrounding Air Port.--In Fig. 133 is shown a sertional 
elevation of a furnace port [vilcntcd hy Dietrich in 1S93. He liad two objects— 
(t) I'o make the end of the furnace through which the ga.s and air |>orts enter, 
of a jointless mixture of refractory material; and (i) To use gas regenerators 
only, the air of combustion heing admitted through a valve at the end wall of 
the furnace, comhiiung with the gas in the combustion chamber. Wc are not 
aware that this tyjje of [xnt has been tth-d. 



Facilities for examining Air Ports. Jn 1H9.1, Fobuison and 1 ’o|k' 
ivatinted a means wlunby ibc two .nr iioil.s could be easily examined by 
removing a tile from the roof of die furnace over ea< h of he ports lly this 
means, labour andex|.ense in n pairs were saved. I'lg 134 allows one eml of a 
furnace with the gas .and air ports, tlu latter being covered with tiles. 

Furnace with Movable Roof.-lbe convenience of lifting oil he furnace 
crown, for charging heavy masses of material, which conic not be charged 
through the ordinary doonva>s of the furnare, is loiiiid advantageous unc er 
certain circumstances F. W. Dick and J. Riley obtained a patent in i«Rt fo 
a furnace with a mov.iolc roof. With such a rool, ,barging can be pc iformcl 
much more rapidly than by hand, as tnic k-lo.ads o( sni.dl scrap and pig - an be 
emptied upon the hearth by the aid of an overhead crane, also large in.isses of 
scraii steel can be lowered upon the hearth convenie ntly. Modern ' 
machines have now su|.plied the means of rapid charging, althoiigli to this day 
Turmans a. used with'loose tops While visiting the; vvoiks o 
and Uughlin m I'lttsburg, U.S.A., in the summe r ol r.y 3, v^c ^ 5 ‘0 

acid-lined furnace with moval)le roof, in wliuii v* ry Iar^<. lutnps » , . - 

as old md pinions, and other heavy eastings weighing s.everal tons, could he 
p aced Tn ekdoad’s of lighter scrap and p.g could "Idtec Mso on .0 tlm 

Kh. This furnace was used almost entirely for producing sP cl for foundry 

castings. 
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Fig. 135 shows Dirk and Riley’s arrangement. 
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this furnace was used very successfully at U'oolwich Arsenal and elsewhere 
There N>cre, of course, no reversals in llie direction of the furnace gases. 

Subsequently, in 1SS5 and 1887, ji.Utnts wore obtained by J. 'J\ King and 
H. Burrows re-^fH-'CtivcIy, for furnaces with regenerators built after the same 
principle as the Radchffe furnace, but arranged difVerenlly in relation to the 
hearth of the furnace. 

Regenerators at One End of Furnace only. In 18S5. 1'. Siemens patented 
a furnace iuiving one set of regenerators only, plu'ed at one uul of tiu* furnace. 
The flame swept rtuind the furnace aiul passed dt)wn sub' ports to the regenera¬ 
tors below, and from thence to the chimney. I’he two rcg<neratoi.s were 
arranged tor healing air only, and were used alternately by iktuhIic reveisals as 
follows —The gas from the jtroducei mixed with the air passing from iegeiu.*rator 
on the nglu-iiand side, and when the flame had made its j(»urney tonnd the 
hearth of the furnace, the sp( nt gases swa'j)t out at the left hand suh* poll and 
through the otlier regeiw rator to tire 1 lumney \\ hm the air valv<‘ was reversed, 
the same at lion lottk jtlace in the tq>j)osiic poiis and ft‘gt lu ratois. 'I'his furnace, 
which IS known as the “Ntw^hormi’ Si. mens l’'uinaie, is jtarlieulaily well 
adaj>lcd for MnaU < harges fioin say two It) live itms 'I he intt ns.* heat 
generated is souutnius ver) sivire upon the hiitkwoik wiuie llic flame strikes 
tile wails b< fuif sw.-c ping bat k It) ihi null, t poll. If no t)h',ta< les. sut h as door 
jambs, Were in the way to uUcili^ie with an easy passage of tin* flauu', less 
wastage of bru.kwork would lake place, big. 137 illusii.ites tiu fuinacc. 



!• |i. 137.— ‘^ii nuns' “ N< \s - 1 ..I III " I‘ nrii.ii t;. 

» 

The “Ideal” Op.!U-bearth Furnace.—B. 11 . Thwaiie. m obtauud a 
jiatent f<;ra iiigh It-niper.iturc rcgi-neralivc funVatf, in wliu h In: claimt d that hotli 
gaseous anti iupiid fuel rouid be used. In fig 1 pH is shown a se<lioiial 
elevation of the furnace. I'iie obj* tg was the morf < omph l« »ilihsation 
of heat in the 0[)cn-hi.arlli furnace than l>y any other d' sign of reg<.iRrative 
furnace. 

'bhwaite’s furnace was designed upon iheorLli' al lin< s, and m his opinion 
represented tlie ideal furnace. 'The regeiu rators, or wliat In t< rm. d retupera- 
tors, arc shown above the furnate luarth, aiul art for h<aimg Ui.' air only. 
I'hey are separated hy a central line, at the b<>tiom of wliuii is the air inlet, 
through which air under pressure from a Ian is atlnultetl aiul circulates m turn 
through each recuperator. The incoming gas passes llirough a brick baffler. 
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and niixcb «illi Uic heated air from the recuperator before reachin^i the furnace 


t /timi’t'u 



hearth. 'I'he waste gases pass up the recuperalor at the oiiiiosite end of the 
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the furnace. A chimney surmounts the centr.tl flue, .md mum di.it. ly h. l.nv I'u 
chimney is pl.iced the air reveisiiif; valve This v.iU,-, .u„l ,il\,i ili,- 
valve, are connected and automaticalK c.mttolh-.l .mil iiini.iti .l 

When oil fuel is used in the fiirnaie.it is .uinmted .iIdm- ih,- li.vii!,i lui.ks .11 
each end and mives with the air as it desc. nds lium th, r.i up. i.it.us. 

Improved Arrangement of Regenerators In l i;; i,s siiewn .1 pan 

sectional elevation of a futnac.' with lOiten. iator an.l ihi. s, I,it whi.h iHill 
secured a p.atent m 181 ).’. He aiian-c.i the n e.n, i.iim . Ii.iuili, is l,l,,w ili, 
furnace in such a ixisition as to a.lmit^if th. ir heiiii; luiih .|uite m.l. pen.l. lU nl 
the furnace, with short llues hi.iiuhmi; into th. \. ii:..il upt.ik.s .oiim.tini; the 
jxjrts and regenerators. 'I'he u|it,ik.‘s evt.'nd.il .iownw.uds, |„dow th. Iir.inih 
llues from the regenerators, forming hh. r.il slag p.uk. Is win. h 1 uulii I;.' cl. .1111 d 
periodically. As tar as the slag po. kels ai.' .■ 0111 . 1111 . 1 , ilus lUsii^n diit,.,^ 
from ('. W. Siemens’design of 1875 , 111 that ih. slag p... k.is.u. i.utM.li- il,,. 
regenerators instead of hetwe.'ii th. iii 

Furnaces with Double Hearths. 8 , 1 , ,;d pu. ifls lni.‘ h.. n ohi.nn.d i.u 

fuiiiaces with two healths. In* i.SS;,.(;. ll.inon p.iluil.d a i.l.Uin;; liitnue 
tile health and roof ol which 
could be used alternately l.n 

the chaige, tlie rioor and taji- .' ’ 

ping hole being midway he- 

Iweeii the roof and hrarlh, ..., 

and on one side of the furna. e 
only In i.Spo, H. Rodg. rs 
obtained a patent for a douhl.' 
hearth m a fixed furnace, as |,,,. || 
shown 111 hig. I. JO, whiih had 
for Its object the tajiping of 
e,ach hath of metal til .hflereni Imi. s 

, S.iniler m i.joo and 'I'alhot in i.joi, .iNi) pat. nt. il f.nna.iswith .l.nihl.- 
hearths for continuous op. ration. Il is som. what ilouhllul win lli.'r th. .. onomy 
ami convenience of sin h an arraiig.'iii. nl ,ire very appi.. i.ihh’, .-xcept uii.h r v. ry 
sjiecial cireiinistaiices 

Furnaces with Tapping Holes at Different Levels, -■ In Sami.'r's ii.it.-nt of 

riyoo, he emhodu.l the idea of two lapping holes Irom die Inin,ice h.'.11111, .mil 
Sur/ycki m 1902, pat. nlid a fnrna. e with .1 deep iKarih 
having tapping holis at dilferent h vi'ls, with tin- t 
oi continuous 111. Iting. 'riieupp.i taji hole couhl he 
used time after lime without disturbmg tin nutal 111 
the bath below. 'Hie hollom tap hole was only openi'.l 
as reipiired for emptying the furna. e or rcpaiiing tlie 
bottom. Sur/yeki's furnace has h.-.ii used viy 
suceessfnily ' for continuous^steel mamil.e tun. in this 
way. Fig. i.ji shows the airang. merit oT tapping 
holes 

Tilting Open-hearth Furnaces Th. value of the 
tilling furmace in o])eii-hearlh st. i 1 maniil.i. tun is 
found 111 dispensing with the ordinary tapj.ing hole, 
and IS j.raclically demonstrated when used for ihi- h.isi. 
process by the case with which slags ran he rnnoved 
as required. It is also of special value in the . onlimious process of steel 
manufacture, where only jiart of the cl.arg.. is pouie.l from the furnace at 
one time. Several kinds of furnaces have be. n jiatented and rmployed for 

* “Jouroal Iron and Steel fiislilule,” igoj' b I’ 
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steel making, most of wliich differ chiefly in the meclianical features of 
design. 
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In 18S9, tlio Campbell furnace, now so well known in America, was intro¬ 
duced at the works of the Pennsylvania Steel Co. by II. II. Campbell, the 

designer. In Fig. 142 is shown sectional 
elevations of the furnace. It is operated by 
means of a hydraulic cylinder and ram fixed 
horizontally to the furnace foundation, the ram 
being attached to the bottom of the furnace. 
The furnace rotates about its own axis in 
circular roller pjths. The port holes are 
oval in the movable part of the furnace, and 
coincide with the fixed gas and air ports when 
the furnace is in a horizontal position. Much 
im])rovement has been made in the Campbell 
furnace, both in construction and means of 
tilting, since first designed. 

In Fig. 143 is shown a sectional elevation 
Fm. 143 \SciIm.in Tilling furnace patented by Wellman in 1895. 

urn.ice (1 95). furnace proper is cylindrical in form, to 

the bottom of which is fitted a toothed segnient which engages in a rack 
mounted on foundation standards. T he tilting is done by means of a hydraulic 
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cylinder and ram. The ^as and air ports slnrwii coiin ido with tiro lixdl ij.ii’., 


from the regenerators wlieii the lurnarc 
is in a hon/ontil position. 

In 189S, a moditieation of the 
foregoing furnace wa.s patented hy 
(;. J. Johnson for the Welhn.in Se.iser 
Eng. C.'o Instead of using the laek 
and toothed segment, the lurn.iee i.s 
supported upon rockers which permit^ 
of Us being tilted to discli.iige its 
contents. The hydiauhc tyhiidcr 
witli ram and att.icliments, pimide 
the means for tilting the furnace fig 
144 shows tile improved design. 

ISeiij.imm Talbot in 1900, |iatentcd 
a movable Hue cMnnection to woik m 



conjunction with the Wellman,tiltme, lurn.i-. . fi;. ijr, slims a siiimn.il 
elevation of the Hue at the uiin tion of n 


the ujitake and the side wall ol ilu lur^ 
n.ice. The faci s ol tlie line at the 
junctions are water-cooled, as well as 
the top of the uptake Hue and f.n e of 
the wail of the fuin.ace round the poits 
The niov.ihle Hue is arranged m .1 Ir.ime 
mounted on rollers, and can he moved 
a few inches Irom the face of thcluin.ne 
when It is being tilted. 

In the latest design of \\ i liman 
furnace, a water-seal is provided at the 
junction of the air and gas iipt.iki s horn 
the U'geiierators with the mov.ilile Hue. 
It is so arranged that .1 sm.ill movcmenl 
of the [lort can he made without hi(.ikiiig 
the water-seal. 

Furnace with Air Regenerators and 
Gas Producers combined. In 11)07, 
E. Siemens ohtaiiu il .1 pati nt for a g.is- 



lired furnace m wliuli gas was .idiiiitted 

at each end of the litrnace alternately fioiii g.is iirodiueis loiming pait ol the 


main structure. In fig. 


14O, w'hii li shows a sec¬ 
tional elevation of the 
furnace, it will he oh- li !' M 

served that the two gas * jl i' ^ __ 

producers are I onnei ted 1 h j 11: , " 




by an ov»rhead conduit, 
and that the sii])|)ly of gas 
to each end of the fur¬ 





nace alternately is con- I o”*' -sc 

trolled hy two valves, 1 ’ 

one of which is open J.,,-.. 146—Sicmcio' f ..- fre luccr at cadi end. 

while the other is shut. 

The air is passed through the regeneratot, m the furnai 0 in the ordinary way, 
Two regenerators only arc used, both being pi n ' d under toe furnace. 
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Fnniaces with Liquid Fuel. —During recent years, the application of liquid 
fuel to the open-hearth furnace Iras developed in countries where oil can be 
obtained more cheaply than coal for producing gas. Numerous designs of burners 
for the use of liriuid fuel are employed with success in large and small open-hearth 
furnaces. It is unnecessary to alter the construction of the ordinary open-hearth 
furnace to employ a liquid fuel burner, but it is a common practice to make use 
of the gas'and air regenerators for heating the air for combustion only. When 
oil fuel is used, it is only necessary to make a hole through the bulkhead at 
* each end of the furnace, through whicji the oil burners are inserted. The 
burners are of course used alternately, the one not in action being withdrawn 
sufficiently to jirevent it from being damaged hy the flame. This is easily per¬ 
formed, as the connections to the burner arc flexible. 

The oil is pumped under jiressure to the burner, and steam or air under a 
pressure of usually about 40 lbs. per square inch is passed through the burner 
for producing the necessary volatilisation of the oil. The hot air from the 
regenerators mixes with the fuel in the port just before entering the hearth of 
the furnace. , , 

In Fig. 147 is shown one of the many improved types of burners. It is the 



patent of Mr. C. II. Speer, who with Mr. W. M t’arr has made several 
improvements in oil-fired furnaces in the U.S.A. Sjieer’s improved burner is 
made with^ the object of avoiding the remov.il of the idle burner from the 
furnace while the other one is active. 'I’o efiect this, a water-jacket (through 
which a liberal circulation of water is kept up) surrounds the burner and keeps it 
relatively cool. 1 he water is carried to the end of the water-j.ickct by a small 
pipe indicated on the sketch, lietween the water-jacket and the burner proper 
is an air s[iace which prevents chilling of the fuel vapour and air or steam 
passing through the inner pipe, and at the same time protecting it from the 
intense action of the flame. Fig. 148 shows the burners in position, the ends 



of each burner being supported on a small block of refractory matciial resting 
on the port of the furnace. 
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With reference to the position of the oil fuel inlet to the fiinuee u h.is heen 
suggested to introduce the burners at the top of the regenerator chambers. 

CoDOlusions. —From the foregotng descriptioits it 111,ly he (oucliulul tli.it the 
modem open-hearth furnace differs only in small del.iiK horn the original 
furnace designed by Siemens llrothers. 'I'lie jirinciple of reg. noiatiun is the 
same to-day as when applied in 1856 by Frederick Siemens Ihe iiurodin non 
of the gas producer was a step lorwanl, as the use of foui mste.Td ol t»o 
regenerators became possible, hence both gas and an were heated belnte mising 
in Ihe furnace. Improvements in the relative si/es aiul [lOMlion ol .ur and gas 
ports have increased the durability of tfie furnace lining .iiul ports 

Some of the many patents have never assumed any praeiic al shape, bill hare 
nevertheless indicated lines upon which irnproveinents could be made. 

The most noticeable feature of the iiiodein lutiiace when < omp.iied ttitli the 
first furnaces employed for steel making, is the ni.ignitude ol the i.ipaeily. 
Furnaces of the fixed type are made as laige as iSo tons capaeily, while the 
tilting furnace of the Talbot continuous type aie mad%to lake rso Ions 

In the following chapter on “jl'he Oesign of l•■|\ed Dpeii lu ailli huiiiaces,’' 
details of furnace construction are given more lully. 



CHAPTER XXVII 

THE DESIGN OF FIXED dPEN-HEARTH FURNACES 


In the design of furnaces of the Siemens or Open-hearth type, some difference 
of opinion exists on minor points, but there are certain considerations which 
must be observed if good results are to be obtained from the furnaces. It is 
not so important that the form of furnaces, or the methods of building them, be 
alike, as that the relative ittoportions of the .working parts be? correct. These 
proportions differ only very slightly whether the furnace be fixed open-hearth, 
basic or acid, or of the tilting type. In the case of open-hearth fixed furnaces 
used for the continuous processes, variations occur in the sizes of the hearths in 
relatioi to their capacity, but in other respects the design differs only in a small 
degree. 

The Open-hearth Fixed Furnace 

The open-hearth furnace proper consists of two main parts, (r) the melting 
hearth, and (a) the regenerators, but in addition to these are the flues and ports 
which connect them, and which play an important part in the efficient working 
of the furnace. There are also the valves which regulate the supply of air and 
gas, and the chimney or stack for carrying away the spent gases. The supply 
of fuel, and the relation of the gas producer to the size of the furnace (or the 
size of the pipes if the supply of fuel be natural gas or oil instead of coal), have 
an important bearing on the design of the furnace. 

The following will therefore be considered :— 

(i) General details of furnace. 

m Hearth. * 

(j) Regenerators, including slag pockets. 

U) Valves and flues. 

(5I Chimney. 

(6) Gas producers. 

Qeneial Details of Furnace.—Plate VI illustrates a modem fixed open- 
hearth furnace, which is a marked improvement upon the older form of furnace 
shown jp Fig. 149. The body of the furnace is supported upon concrete foun¬ 
dations, quite independently of the regenerator chamber walls. The bottoms 
and sides are built up usually of cast iron or casf steel plates bolted together. , 
These are further ti^ by means of rolled steel joists placed vertically against 
each side of the furnace and outside the plates, having their bottom ends secured 
to the foundation girders and the free ends over the top of the side plates tied; 
with cross stays. The ends of the furnace ate usually unplated, but vertiod 
njjled steel joists, such as are used for the sides of the furnace, are used at the 
ends, with strips of rolled steel placed between them and the brickwork. Long 
ties, stretching the full length of the furnace above the roof, hold together the) 
end uprights (or buckstays, as they are called). The brickwork uptake flues 
from the regenerators are, as a rule, held together in the same way by means- 
of ties, plates, and joists. 
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of view only of comfort to tlie nieltcr in examining the furnace without scorch¬ 
ing his face, their adoption is advisable. A man will not take the same care 
of the furnace if each time he goes to examine it he is subjected to unbearable 
heat. 

The charging platform at the furnace is supported by girders and columns, 
and is fitted, m the case of large furnaces, with rails, upon which the electric 
charger operates. A tmek is also placed alongside the front of the furnace, or 
behind the charging machine on the platforms, for the cars of raw materials, 
('■encral arrangements of furnaces, mixers, cranes, etc., are given in Chapter 
XXXII. 

Hearth.—Fig. 150 shows a modern form of fixed hearth, the bottom of which 
is made of cast steel plates, securely bolted together and siip|)orted upon steel 



t' H.. 150. -Kefr.u.tuiy Lining of Moilern Ita.sic Open-liearth Furnace. 


girders. Refractory 
materials for the 
lining are built upon 
the steel plates, and 
ultimately the hearth 
is shaped to the 
depth and form 
reipiired. 

Relation of 
Hearth to Capacity 
of Furnace.-Taking 
430 of liquid 
steel to equal i cubic 
foot, 5'2 cubic feet 
will contain i ton. 
The cubical capacity 
in relation to the out¬ 
put in tons of steel 
depends upon the 
length, breadth, and 


depth of the bath of the furnace. These three dimensions are each important. 

(a) It is not advisable to have the hearth too short, or the gases which supply 
the heat will escape before they are properly utilised. 

(i) The width of the furnace is limited, owing to the difficulty in repairing 
and patching it between the he.ats if it is too wide, and also in maintaining a 
good roof. 

{() If the bath is too shallow, losses due to oxidation result. 

The third dimension, as a rule, is determined after the length and width are 
fixed, the product of which give the surface area in siiuare feet. In British 
practice, the area of the bath for furnaces up to 15 tons is approximately 12 
square feet per ton of steel capacity, and 8 to q square feet [ler ton capacity 
for larger furnaces. For instance, the following sues of furnaces are typical of 
British pr.actice ;— 


it) of fiiruACC. 

1 of lie irlh 

W ichh of liC.irih 

Area of Ixd. 




Ml fC 

5 ittiis. 

> 3 ' 0" 

5' 0" 

65-0 

10 ,, 

14' 9" 

S' 6" 

>25'37 

20 „ 

17' 6 ' 

9' f>" 

|(>0-25 

30 .. 

24' 0 ’ 

11' 0" 

264*0 

40 ,, 

2S' 6 ' 

11' 6" 

327-75 
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There are, of course, many furnaces which ilufer from these linm iisiofts, hut 
the above represents the average practice. I'lic following arc sonic dimensions 
from .Vmenean practice.— 




— 



- -- 


] 


l.f s.r. 


1 11V 

1 

l>rw 

•S ■( 
ill 

\V 1 ,. 
I.rs 

1 . ..f 
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1 

\tra , f 1 r ! 

i '• 1 

V.cA 1 Ih- 

' 'i' ■'''*' 

• 1 1 

''lujDlJ 


Soi.x.s 

30 ' 

0*' 

1 i' 

(,’■ 

4:0 s 

\ 



,, 

\0 

. l’» 

I ^ 

t»” 

\ 0 

<U'> 

llhiu'is ''t<« 1 ' 




0" 

I4’ 


^js-r, ; 

•1 0 

llll.JlUM.l 
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M 

<>' 

i IN 0 , 


('Ulflsrii . . 


,, 

.a 


1 'j' 

} ' 

! ,SS „ 

SMi 

(#U\ 


,, 

U* 

«r ' 

10 ’ 

t»' 

S 7 <' '> 

0 0 

1 .ac k iw.ti n 1 . 


7 s ■ "'V 

4 i' 

(> ' 

ifi' 

0 

7 .*< > <1 

0 0 

<»ar) 

• 

'* 



!(»' 


i 

1 

• 

Si 


It \mU he »)hscj\,,l th.jt iIktc a^e s.ui^li'ins in the diin< iisi.>ns, e^jx < i.dly 111 
the 75 ton lum.icc, h.iMiig an ana of 7J0 S'lu.iie fe( t, m 6 s«ju:u*' leel per 
Ion (apn* ity, .n < oinpared vs ith the 60-tou lornace having an ana <>| 7 S; square 
feet pf r ton capacity, it is n'>l consuler'd adv nahlc to liavi h ^s than «> sijuaiu 
feet hearth area |h r ton of sl(el nu lled peT luat, and ah-iul (<at slunild he 
tile Innil to the width for suv<csslu! operation, llie uuve siiown in !‘ig. 



Fro. 151.—r nrrc ihowing Mean V.-iluc of Relation of An a <<f I- it juice I IcmiiIi to 
Furnace ('apacity. 

The stars on f ilhcr wJc of ihe curve j;i\e the .1. tu il ri 1 ilionslinj of .u< a to < .ii-.u, ity -g cv 

ui oi>cr.itio(i. 

gives a mean value of the area of the hearth in relation to the capacity of the 
furnace. 

Begenerators.—There is no doubt as to the corrett position for the regene¬ 
rators in their relation to the hearth of the furnace. Tlie old method of plat ing 
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them directly underneath is not considered at all satisfactory, although furnaces 
are still found with regenerators in this position. Modern furnaces are invariably 

built with the regenerators under 
the charging platform, leaving a 
good vault between them and 
underneath the furnace hearth. 
Fig. 152 shows a modern set of 
regenerators. .Slag pockets, as 
shown in Fig. 150, are most use-, 
fill and necessary, and by placing 
them as shown, the slag can be 
removed as is found convenient 
while the furnace is at work, with¬ 
out causing any delay. When 
shag accumulates it is cut away 
from the extreme bottom, leaving 
a layer about r foot thick. As 
more slag accumulates, the cutting away is continued, and so on until the general 
repair of the furnace takes place, when very little labour is required in removing 
the remainder of the slag. 

Capacity of Regenerators.—The relative capacity of the regenerators per 
ton capacity of the furnace, diffeis considerably in furnaces in .actual practice, 
as will be seen from the details below, given by F. G. I.. Roberts.' 



Fig. 152.—Regenerator Chambers ami Chequer-work 
for Modern Open-nearth Furnace. 


Ivocation of furnace. 

Sue ol' 

.1 

Voliiincof ' 

VoKiinc per ton 

furnace. 

retjLiicraiois 

capacity 

linrruw, tngl.ind .... 

i 

50 Ions 

ciiln.- ft 

2150 

43*0 

Illinois Sled Co., U.S.A. . . 

4326 

86*5 

l.aiighlin, U.S.A. 


5628 

112‘6 

bliaron, U.S.A. 

’■ 

6410 

128*2 


There is a tendency to increase the relative volume of regenerators to the 
tonnage of the furnace, and the practice in America is to work to about 
150 cubic feet per ton of steel output ])er heat, or an etiuivalent chequer volume 
of about 100 cubic feet. 

The following sizes are taken from British practice, and may be regarded 
as typical:— 


Sire of furnace. | 

1 

Capacity of each 
gas chamber. 

Capacity of each 
air cliamber. 


CuW feet. 

Cut'ic feet 

S tons 

270 

400 

10 „ 

650 

850 

20 „ 

890 

1050 

30 .. 

1270 

2150 

40 .1 

'450 

1750 


ToUl cubic feet 
per ton 
capacity. 


»34 

150 

97 

114 

80 


Form of Regenerators.—With reference to the relative sizes of the 
regenerators, the height is considered by many to be the most important 
dimension. It varies according to conditions of site, and it is difficult to fix 

' " ItoB and Sleet Times,” June 24th, 1909. 
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a ratio of lu-ijjhl to width per ton of fumarc capacity which would lie suitahlc 
for all M/cs of furnaces. It is, however, olivious that if the iiathway of the spent 
ft-ises through the regenerators is short and wide, the ehciluer-woik will not he 
so likely to receivr as much heat as if the width were restricted and the height 
c()rres[iondingly incriao d. From a inimher of lurnai es m use the approtiniale 
relative propoiiion of tlie narrowest widlh to the depth for gas chambers is as 
I . 2. aiu! lor air chambers 1 : I'y, , 

Chequer work in Regenerators. - Ibe sins and ipiality of the bricks usisl 
in legineialor chambtrs vary. Some users prefer s,|uaie btieks, and others 
bricks of rectangular section; in fact, tifere are many cliHerent ways of building 
the brnkwoik in n gc m r.itors. Fig. 153 <•/) shows the oiditi.iry mi thod adopted, 
where sijuaie bucks are used, spaced about 3 to ( inches apart in alternate 
rows, between which are stretiheis or tiles, which are likewise siviced as the 



rn/ ' (h) (,') 


Sccli<5nal Elevation Sr<*rt(5nnl Plan Sccliorntl Plan 

I'l'.. 15} -I>cUiU "f riKciurr HikIw f->r Rri;riirt.jltii-s. 



Kit 


Sechonol tfevaiion 
’• 154 J ^ Aldrich riicfjurr 
l!f 


Sfpinrcs, lull al ngltt .angles to llutn Vi.;. shous .aoollwr nn llxxl. HiitkH 

9 ' X 4i' X :V sU'* pi H ftl as shown in plan, ami \slirn Imilt up the hrxkwoik 
is virtually a m ru.s of llm s 4" x slio^s y< t anollicr imihod, 

in vine h a spt'ially shapial hriok is used, wlm li gives po per cent, more 
air spare than lineks shown in (</) and (/•), willi tlu’ s.uiu; si/c of regemTUlor 
rliamhtr in earli case. Fig. 154 shows llu^ Dictruh form of < hcquer Itrick 
whu li IS useit vMlIi smttss in scNtral sit cl- 
works int,cimaiiy. .'silica chc'pur lun ks aie 
sometimes used throughout the cdiamhc rs, 1ml 
more Irequenlly only where the heat is most 
intense, the remainder being of lireclay. 

Gas and AirPorts,—Dilfcrent fotm.s, sizes,* 
and numbers ol gas and air ports aie found 
in open-luailli furnaces. 'I'liey are commonly 
built up to llie mam body without forming a 
part o( it, in which rase the y ate bound with 
separate binders and slays andean be altered and repaired witbout disturbing 
the fiirn.iee body proper. In modern furnaces the Ic ndeiicy is to make long 
ports, sloping towards the hearth so as to maintain the direitnm of the gas and 
.air even when the ports have worn away ronsideraldy. ('are is alwr t.iken in 
binding the brickwork togelhe*, to prevent any.ixissibdily of gas and air nnsmg 
in the jeorts before rc-aebing tlie furnace, due to rents caused by the expamsion 
of the brickwork, When tins occurs the ports burn away more rapidly. 

In America the use of waler-eooh cl ports is becoming more roinmon, as the 
trouble, delay, and cxfiense of freepu nt repairs to the ordinary jxjrts is so 
considerable. The .American silica bricks do not wear so well as leuro|)ean 
bricks, since they contain more oxide of iron and lime than are found in 
the latter. 

Arranjfement of Qa» and Air Porta. —This varies very much; the uptakes 
from the regenerators differ in form and size, but are arranged so that the gas 
and air mix at the end of the port ofiening into the furnace hearth. Fig. 150 
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shows a sectional elevation of a modern port, giving uptakes from the 
regenerators. 'I’he two air flues are made to converge in one opening just 
above the gas port leading to the hearth of the furnace. Where the furnace is 
wide the practice is to divide the air port, thus making two air |)ort openings 
into tlie furnace, which causes the air to spread more easily over the hearth. 
The height of the roof has an important bearing in the arrangement of the ports. 
Roofs rpe now being made higher than formerly, and without the dip in the 
crown, which was introduced with the idea of deflecting the flame on to the Irath 
of metal. Many furnaces have more than one gas port at each end, and it is 
not uncommon to find three gas ports and four air ports, arranged in such 
a manner as to give equal distribution of gas and air. 

Sizes of Ports.—Judging from the sizes of gas and air ports of furnaces in 
actual practice and apparently doing good work, it is difficult to find a definite 
relation hetween the area of the ports and the tonnage capacity of the furn.aces. 
Tile following average areas of ports in square inches per ton of furnace 
capacity give an idea of British practice ;— 


TAm.f. I,XXVIII 


Arkas of (;*s and Air Ports 


G.ipicily of 
ftirnacc 

( 

No. 

ax jK.i Ij. 

Tot.xl arci 

Air ports. 

' T , , 

V- ! rolAl .irca 

Katio of itr 
to nai 

Ga* ports 

Area in square 
int lies per tun 
caj. iCKy of 

Air ports 

Area in vpiare 
inciics ptr (on 
c ip icity of 


ms.[ iifv 


in sq ms 


furn.ice. 

furnace. 

5 Inns 


250 

2 

3 'o 

1-24:1 

50-0 

62 

10 ,, 

2 

3S0 

3 

620 

1-63:1 

38 0 

Ui 

20 ,, 

2 

510 

3 

700 

1 • ,t7 :1 

25-5 

35 

aO .. 

2 

700 

3 

1050 

1-5 :t 

23 3 

35 

40 t. 

2 

1200 

3 

1600 

1-33:1 

ua 

C 

C 

40 


Mr. A. I). Williams, jun.,' gives the following si/es of gas and air ports in 
American open-hearth furnaces :— 


1 AC ition of ftirnacc 


50-tt'n Liu|;liliu . 
50'l»>n lltiincitcdd 

50*ton 1 tufjucsnf 
40*ton 

20-ton Alliance . 


Gas p'itt aica. 

8<| fl. .S<| MIS 

(>•85 = <j86'4 
S-o = 11520 

I0‘5 r- I5t2'0 

S'o - 1152 o 
2 81 ~ 404'6 


Air port arc.i 

Stj ft S| ins. 
18 4 •- 2649 6 
18 2592 

18 - 2592 

14-25 = 2052 
12-5 = 1800 


If these areas arc worked out in relation to the furnace capacity, the following 
figurctr are obtained. 


Loiation of ftitnatc. 

, /- 
Gas jHvrts 

Area ui sqn.irc inches per 
it>n c.ipivuy of fiirii.ico. 

Air p'lits 

Area in square ituhev per 
ton < .ip.itity of furnace. 

50-ton I.atighlin . . . 

19-7 

53-0 

50-lon Homestead . 

23-0 

51-8 

5o-ton Duquesne 

302 

51-8 

40-ton lh)mcstc.'\d • 

288 

5'-3 

ao-ton Alliance . 

20-2 

90-0 


* “ Iron Age,” vol. 76, p. 741. 
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From British and American practice it is <|uilc clear that no fixed rule is 
followed in huiUhnjj liiher the gas or air j>orts. 

Vtlvw—'I'he \alvis. of an ojHn-heaith funiacc jKiform im]x>rtint ilulies 
and require to be hcII constructed, otherwise much Iroulilc may be caused in 
operating them, as Hell as loss of fuel, f’hc air\aise is not snb|<(ttd to the 
heal that the gas valve receives from the hot gases, ami is not, therefore, liable 
to the same ili formation. .Many designs o| \al\es arc m aory** giving 
excellent results, while others arc faulty and give ronsi<lerable Irmible. I>iircrent 
tyjies ofvaUtb are descriUd and illustrated in ( haj>tcr X\l\. rerhat'S tin* 
most imiM)rtant feature of a goos! valve^s us capability of being revcrsid quickly 
Hitli a minimum loss of gas. 

Si £68 of Valve# -The following table gives the average sues of valves used 
in open hearth fuinacrs in tins country ■ — 



•t'> 



3 t' .• 
•t"' .. 


'bhe following si/cs of 
furnace, arc given below (.' 


t.,n- 

?“ (nn Ai’ivnc^ (‘ >lu'>) . 
25 ioti \S pllmiii Sra\tr 
35 ' > Illll;<'i1 SfrrI < II 
5o-{-in Wfllman ‘Ma\cr 


gas and .nr v.ahcs, in 
incru .in pr.u lice). - 

I 24 ' Uudi iff) 
U_' .. 

I f' Mielitoi m 

4 -' 


rel.ltion to the m/( «} of tlio 
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Flues. —All furnace Hues siiould lie of lile ra! dimensions to allow for the 
free passage of gas and air to and from tli^j furnace. 'I'hey shoubl also |>c 
ronstructed with as few (.ormTS as possible to prevent choking and cutting of 
brickwork. 'I'heir lenglli depends upon the ]o< .ition of tin* gas producers and 
the regeneratois. Some favour very short Hue.s bctwi-en the furnaces and the 
gas producers, ]»refernng the gas pr«>du< ers < lose to the furnace as in the rase of 
the “ New-Korm " Siemens furnace. \Vhcrc the gas, howevi r, passes through the 
gas regenerator chambers as is the general jiraclice in large furnaces, the 
producers are placed at as short a dislance as jiossilile from the reversing valves, 
depending upon the conditions of site and local facilities for eoaling. • 

Sectional Area of Gas Fli^e. The cross seetional area of the gas flue should 
be slightly larger than the reversing valve, wlm.h determines the amount of gas 
passing to and from the furnace. One writer' gives .1 rule for the si/e of gas 
main in relation to the grate area of the g.is produrer, r.c, one square foot 
for every 8 square feet of prodm er grate. 'I'his rule could not fie applied 
generally, as the grate areas of <liffercnt de.signs of producers are not all the same 
relative size to output of gas. 'Fhc area of the flue leading from ilie reversing 
valve to the chimney is usually made of very liberal projjortions in relation to 
the size of the reversing valve. 

Chimneys. —A good draught is essential to the eflicient working of a furnace; 

' " Iron Age/' \oI 76, p. 740. 
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ample dimensions are therefore necessary. Each modern fur¬ 
nace is fitted with a seprate stack, and this is important and 
advi.sable in view of efficient control by daniiiers. Chimneys 
are rarely built of brickwork entirely, the usual practice being 
to erect self-supporting chimneys of the type illustrated in 
Eig. t55. The casing is made of steel plate from J inch to 
4 inch thick, depending upon the siie and height, and is 
usually lined with firebrick throughout. The casing is sup¬ 
ported in a cast-iron bottom ring which rests upon a sub¬ 
stantial concrete foumSation lined with fireclay bricks. It is 
usually secured to the foundation with six large bolts, the 
ends of which are fastened to cast-steel brackets rivetted to 
the outside of the steel casing around the bottom, making a 
very reliable structure. 

Sizes of Chimneys.—Many different rules are given for 
calciilatjng the cross-sectional area and height of chimneys, 
which can be found^in the^ numerous pocket and reference 
books of engineering forniuhu. It is not intended to detail 
these here, but to give actu.al ■ results from jiractice. The 
following give some average si/.es of chimneys used in liritish 
steelworks practice, which vary consideiably in different 
districts;— 
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Below arc given the si/.es of chimneys used at several 
American works. 

I 

Si/c (if fiiiii.-i.c. 1 Di.mi .'ll I'.i'C I 11 'tsla in feet. 

15-lon. t) 

25-11*11 Wclliii.iii-ScMVir . 5’ o 

35*ton Conn. . . 4’ .S 

4o-ti*n ... 5' 0 

50 {t>n nnuncsnc . . . ' 5’ 

50-tun Illinois Steel Co. . ()' o 

« * 

Size of Oas Producers for Open-hearth Furnaces.- In 
deciding what si/e of producer or jiroducers to instal, the con¬ 
sumption of coal per ton of steel and the size of the furnace 
are the main factors to consider. If 600 lbs. of coal per ton 
of steel are consumed, and 50 tons of steel are produced 
every 8 hours, the total coal consumed in the producer in 8 


12-5 

90 

19 6 

'25 

17-1 

114 

19 6 

J40 

237 

150 

28-3 

160 


Kiu. 155. —Self- hours is 30,000 lbs. or 3750 lbs. per hour. Ixirge gas pro- 
c'hTm n made which aie capable of gasifying 30 tons of coal 
OpVndiea^ihFur- ••* 24 hours, or ij tons per hour, but experience shows that it 


nace. 
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is safer and more leliable to base talculalions for the si/e of a (;as produeor not 
on the guaranteed output, hut on a liberal ]K'rrenlaj*e below the figures given. 
It h also preferable to have two or three prmluoers giouiH^l together leeding 
one turnaee, rather than to rely uis)n one large one, which may be stoppetl lor 
any cause. In the case of the 50-ton furnace reh rted It), at least two large 
producers would be rcquiied, but it is more usual to lind one such furnaic 
coupled to ihrt'c or four smaller ]>rodu< (rs. • 

Grate Area of Producer per Ton Capacity of Furnace A rule given for the 
relative si/e of producer to the ca]>aeity of furnace is ,t 5 ^'piare feet of pioilucor 
grate j>er ton of furnace caj'aeily, hut flus cannot lu; taken as a general rule, as 
all producers do not gasify coal at the same rate ikt square foot of grate area, 
and all coal used is not the same (piahty. In I able 1 X\l\ are given |var’ 
tieulars of the grate art.a of gas producer.s used tor dilicivnt si/cs of ojk'ii* 
hearth furnai-es. 
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It will be oliservetl that the jitoducer grate area per ton rapaiity tif furn.aee 
vanes from 284 t*) 621 square bet m tin- iiarticular eases mentioned. So 
niuch, however, depends uptui the ijuality (>f llu* < o.il list'd .iitd the cIIk icnr^y of 
the prixiucer niu! luruat e, that tlic figures ti^iven m the table only convey 
approximate relationships. 






CHAPTER XXVIll 


COaUNC, DEVICES FOR OPEN-HEARTH FURNACES 

Oriiinaky rcfraclory materials of the best quality cannot endure for long the 
cutting action of the furnace gases. The temperature required for melting and 
converting the materials into steel, together with the action of the slags, cause 
the furnace linings to wear more rapidly in certain parts. Perhaps the ports, 
bulkheads, doors and dohr jambs of the furnace sutler most. When the ports 
wear, the roof soon follows, and the* cost «f repairs then becomes excessive. 
To increase the durability of the furnace parts which arc subjected to the most 
rajiid we.ar, many cooling devices have been introduced, some of which have 
given most encouraging results. 

I'UKNACE Ports 

Solid Ports. Fig. t56 (u) shows a sectional elevation of an ordinary solid port 
for an opendiearth furnace. Cireat improvcm’ents have been m.ide in their design 
during lecent years, it luviiig been recognised that the angle of inchnation of 
the port to the furnace hearth and the length of the poit have an imjxrrtant 
bearing in prolonging its life and piomoting better melting conditions. Fig. 
156 (!') shows what a jiort is like when worn. In this condition the efficiency of 



S*ction through ports Secfion JhPoo^h ports 

Kig. 156.—Sttljil Ports for Opcn-licarih Furnace, 
(ti) \V*.icn new ; {(^} wIuti ^orn. 


the furnace is reduced, because the direction of the gases cannot be regulated 
with any certainty. Instead of sweeping down upon the bath of metal, the flame 
cuts into the brickwork of the roof near to the ports and then passes over the 
metal and out at the opposite ports, without delivering a proper share of the heat 
to the contents of the furnace. 

Water-cooled Porta.—To prevent excessive wear in ports such as are repre¬ 
sented in Fig. 156(17), several kinds of water-cooled ports have been introduced. 
Fig. t57 illustrates a type which ha.s been used with satisfactory results at the 
works of the Pennsylvania Steel Co., Steelton, U.S.A. This device was designed 
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and ivitcnted by I.uthcr I. Knox. 'I'lic port consists of a rrniovablc fr.tntc, vUiii h 
is placed between the ui)t.il.e flues from the re^eneratots and the end wall of 
the furnace Kij;. 157.; sho«.s.i lioitvnw 
of the mosable port frame in which is 
built a hollow tank (shown in ditail in 
157which forms the arch of the 
gas port .ind the floor ot the two air |H>rts. 

'I'hc tank is built into |H)sition wilh sili<a 
bricks, and when fmishoil can he.lifted 
between the liirmce wall and uptake lUies 
In a few niiinites h) means of an overluad 
crane. 

’riie movable port frame is made of 
rolled joists and is ot vr'ry simple desien. 

In I'Il;. 157c is shown a side seclion.il 
view of the frame m which the hollow 
tank is shown Water is (inul.ited 
through the tank hy inlet ami outh t 
injies. 'I'he inlet pipe extends right ai loss 
the face ot the inside ot the tank ncaiest 
the surface most e\|iosid to the hot gases 
Streams of water at a jiressure ot tr to 
.10 Ihs jx'r sipiare null issue through jicr- 
forations m the pijie on to the inside surface of the tank, and leave by the outlet 
|ii[X; at the same end hut at the hack side ot the tank. “blow through" 
pijie IS arrangid tor the jx-riodic* 11 moval of sediment I'ipe connections are 
conveniently (ilaced beside the furn.n c so th.it the joinis i.iii he made in .1 
few minutes alter the movable port Iraine is pl.ii ed in position. 

lietween the remosahle port frame and the liitmue w.dl are pl.u ed hollow 
castings about 6 meins to 3 1111 lies wide, through which water r irr ul.itr-s. 'I'hey 



9 


V>«i* 
fort from* 


b •/ Hollow Tank 


I I' • IS7 I If -t I It M nl «>l ihe 

Ku'iJi I'ttt lit I’lUt. 



A 



b 

Front View of Pori ff.irnr 


F'jfr. 15.S —<’arne) an<l MtFntcc's Wakr'CO"lr<l Fr.imr with I'iist Knf)* I’alnit I’trft In 

rusition. 


extend across the face of the wall where the cutting action of the gases, issuing 
through the ports, is most severe upon the hru kwork. hig. 1580 shows the 
removable port frame in position, and l ig. 158 r> shows the end wall of the 
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furnace with the arrangement of hollow castings. The rcm.-iining space between 
the frame anU the furnace is Iniilt up with loose bricks, fireclay and sand. 

The Knox Pressed Steel Port-The Knox port, as shown m tig. 159. 's 



an iinprovcmpnt on llie original port, and is afrangod so that no end wall cooling 



Part End Section 



Fin. 160 



lU/thh* at}. 


Sectional Plan 

-Knox \V:\t«r-cooled Gas Port and Bullhead, 
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is required. Fi^. 159 diows the Kiio\ port, whieli is Iniill intu nio'.iiilo 
frame in a siiml.it in.iniier lu llie [Hirt alu.id) deHiibed. Tlie Knox iinpiuvcd 




Fl'.. 161.■—'I lie illair Walcr-ccolcf! I’urt and Bullthcad, 


port, however, differs in form from the original port, as the whole gas port. 
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and not only the arcli is surrounded by the frame. The hollow tank is made 
of rolled steel plates about inch thick, welded at the joints. Being made 
of thin plates, it is a rapid cooling medium. In Fig. 159 the arrangement of the 
inlet pipes is shown. In these pi[)es perforations are made, so that water may 
issue upon the parts most exposed to the flame. When the movable port frame 
is put mjKisition, as shown in Fig. 160, the joint between it and the furnace 
wall is made good by ramming it with sand. When in the U.S.A. m 1912, 
we had the opportunity of witnessing both the above ports at work on 
furnaces of capacities ranging from 6 q, to too tons, and were informed by 
those who had used the Knox [lorts for some time that the following saving 
was efl'ected 

Saving in Repairn.—In one installation of ftirmices in Pennsylvania where 
water-cooled ports of the Knox type have been introduced, it was found that the 
ports recjuired no attention until the general repairs to the furnace were under¬ 
taken. Prior to the introduction of the w.ater-cooled ports, jhe solid bricked 
|)orts had to be repaired'after every 35 to 40 heats. The saving effected in 
repairs to the furnace has been from 30 to 35 per cent., and the tonnage has 
incre.ased from 18,000 to 22,000 tons per month. As the result of being able to 
work the furnace for longer periods without shutting down for repairs, not only 
are the costs of repairs reduced, but also those of fuel and labour, and con¬ 
sequently the total cost per ton of steel. 

The Blair Port. —The Blair port consists of a water-cooled boiler jilatc hood 
of simple construction, which takes the place of the ordinary g.as port arch and 
tests on each side of a magnesite hank formtng the sides of the gas port. The 
underside of the water-cooled hood is exposed to the flame, hut the joints of the 
plate ate made on the top face which is covered with ground magnesite to a 
deiith of about 5 tnches and protects the seams from any contact with the flame. 
The covering of magnesite has [iroved to be far more efficient in resisting the 
cutting action of the flame than sihcious brickwork, owing to the magnesite 
being a better conductor of heat. 

l!ulkhe.ad cooling is also carried out in a similar manner to that adopted for 
cooling the arch. ,A box or tank is fitted into the brickwork, through which 
the return of water from the cooled arch of the gas port circulates. Fig. 161 

shows sectional elevation 
and plan of a furnace end 
with water-cooled gas port 
arch and bulkhead. 

F'lg. 162 shows details 
of the gas port arch with 
a 3-inch water supply pipe 
passing down the inside of 
the port, at the end of 
which a cross Tec pipe is 
fitted. Tins pipe is per¬ 
forated with small holes 
through which streams of 
water flow at a pressure 
ol 9 lbs. per square inch. 
Another pipe, J inch in 
diameter (shown in Fig. i6a), is used in the cooling arch for scouring out 
deposits of sludge which tend to gather at the extreme end of the hood. A high 
pressure of water is used for this purpose. 

The Blair cooling devices have been fitted to several furnaces in the United 
States and Canada, with most satisfactory results. They are also being fitted to • 



Side view 


Fl(i. 162.—Details of Blau Cooling Hootl for (las Port. 
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furnaces in this counir)'. 'I'hc lihnr |K>nswrrt' fll^t liuro<i»ict‘(i at ihc Lai ka- 
wanna .Steel ( o. in Ikuij^ tUteii to two 60 ti)n ojH ii-h'arth tinnaer'>, 

Nos. 7 and 8. In 1007, Jon luats from the poit .iml roof, .iiul .jo \ lu ats liom ihr 
regenerators of one lutna<'e W( re t>lilaiiu\l hdort' o jans ^\cre n< < ov.ir). Uelote 
the Blair jxjils were titled, the number of h<'ats obt.muii weir loUows ; ij?, 
* ^7 »* tui 170, or an a \ el age ('I 153- 1 hese rt suits u < le ol iiaiiu i! Ir« uu No. 7 

furna<.'e I rorn No S furnate, :<)3 ln.rlv were obt.iinMl b<‘l>ire sbuttifig tlowii 
for rejiair-', 3 7 * 77 '* t'Jiis ol ingots being [>iotlue((.i during the e.onp.ugn. The 
suiKTintenduil ol the oix n Inarth plant st.itcii tb.at timing that p. nod ih< re uas 
an averagi fin 1 ronsumi lien ol .ppS pt r ton against fmo Ibv. p. r ton ol 
ingots pre\iousl\ '1 he tola) 1 ost of n j-aws during the . .iiiij .o;oi ol inonlbs 
was J, 1279, or apptoMinatrly S,/ p, r ton ol vte- I pn-duet d. * 


l>u.\ fut> vLt C..i J vaj Ci.,- 




.1 L . r... 

Sectional Plan 


i I . 165 —1 Im. 1 r)c<lnch I u-tadi il ^ !'■ -tf 


The Friedrich Detachable Port.—h'l)-. i6? sIiohs views of ibc Friedrich 
detac hable |iort whirii is iiscil with the same object as lliose aln aily ilcsc ribed 
It will 1 leobscTced from the ilfustratioiis that fire cb tac liable lairt fils Im tweeil 
the end wall of tbe furnace and the n|jtalce dues from the n gi iiei.ito', '|'he 
jxirts are so arraiijted that they can be rtni<»ved willioiit disliitlmii; llu- sirr- 
rounclinj' brickwork of tlic furnace, llms [jroloiijjinj; llie lib- of the dues and 
making the furnace more c-fdc-ienl. The jiort can he hind oul cif |)cisiiion 
by means of an overbcacl crane, or it may be cirawn out on a truck from 
the side. At the Jubenhutle works m tlermany, the porl'i liave been m 
successful oiieration for some time, and have effLCted ,i c onsulerable saving 
in repairs, and increased the outjiut of the |o-lon furnace to wliicb they arc 
fitted. 

Cost of Installing and Saving effected.— 'I'lie weight of a detachable port 
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for a 40-ton open-hearth furnace is about 9 tons, and the following are the 
details of cost: ' — 




£ 

r. 



Firehruk . 


2 « 

10 

0 1 


Kneklayers' wages . . 


4 

0 

0 


Cost of fitting . . . . 

' Mechanics' wages . . . 


4 

1 

lO 

10 

0 

o 

' ttarh lime a port 
is replaced. 

Total , . 

, ■ 


1 0 

0 




£ 


r/. \ 


Two cast-steel [dates . . 


OO 

0 

0 


Itracings for the air Hue 

vault, 





including materials and labour 
Slays, ini'ludin^' materials and 
labour . 

f 

3 

- 5 

10 

0 

0 

0 I 

These costs are only 
incurred once. 

Total . . 


r.'i.s 

lo , 

0 
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CoMi'AReiiVK I'ru'i-s ot Soni) anii IIi.iai iiaiuk Pori^, I-'kieurkii Tvre 
'I’hf f<ilUn\iiij^ itl.Hc to :i 20-ton furnace U-forc and after ii'in^ llic l-'riednch port. 
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Difference in coit, ;^lS6 14 o 


The Head Detachable Port.— Fig. 1C4 shows a simple arrangement of 
movable port devised by Mr. B. W. 'Head. The structure rests upon a frame 

* “ Iron and Coal Trades Review,” vol. 82, p. S8o. 











coouyc DEVICES FOR OPhX-IIEJRni FVK.\ACrs 305 

sup[>ortcd u[Km a truck, a scilm^i fiainc luini; raiNcd to clear it hotn the water 
seal rouiul tiie joint ol t!u.* ujitakc iluc when it is desired to run«nc the purl 
from tb<* furnace. 




Otfaor Dcsig'BS of Cooled Ports. In Vij*. 16^ is shown a u.iier cooled ens 
[>ort consisting o( a number of hori/ont.al, parallel water cooled pi[>e5, which 
take the j>Iace of the siln a brick ar< h over the gas [>ort. Upon the pipes ih laid 
an arch of magnesite or other refractory material lOach I'ljw; is controlled by 
an indeiK-ndont vahe. The design is the joint invention of Davison and 
Mathies/ and it has been used successfully.in several sieelwork.s in America. 

* “ Iruii vol. 75, p. 143O. 
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"Another very similar type of [wrt (see Fig. 166) installed at the Minnequa 
I'orks of the ( 'olorado Fuel and Iron Co., by F. E. Parks and II. A. Devel,' 
:onsists of a series of 2 J inch pipes brought in over the bottom arch of the gas 
)ort. These pipes end in a bronze block which forms a solid arch at the inside 
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40 tons ra|).icity can be found with the old-fashioned heavy cast iron doors 
lined wiih brickwork Most of the fumicei which are lilted with water-cooled 
doors Use the cast iron walcr-jackcled tyjK-, which arc very cunibcrsoinc and 
heavy and are also luble to crack 
readily. Within the [last two years 
prcss^ steel doors and frames have a' 
been introduced, through which 
water is caused to circulate for 
cooling the doors and jambs ot 
the furnace. brom the results 
obtained they apjx-ar to be giving 
entire satisfaction Whilst visiting 
steelworks in the I’lttshiirg and 
Cleveland districts, we observed 
the ease with wlin b the iiu-ller eould 
examine the condition of the furnace 
through the iieeiiliol-c o( the door, 
without the slightest discomfort. 

I hi the door of a 75-ton furn.see it 
was (wissihle to j-laii- oin.'s liaml lor 
an Instant without iniuty. 

Fig 167 shows the pn sseil steel door made of nialen.il about j iiph thick. 
It differs Itoin the 1 xst non door ni the thickness of the iiialerial, and in having 
a renewable lllock m the jieephole through tin door, wlin h take.s the wear of the 
bar used by the funiai eiiien. , 

In one laige steelworks in I’ltlshiirg where cast iron and pressed steel 
water Cooled doors were used, we were informed by the steel siipi rinlendent 
that one Jiresscd steel door ,r^ ».<- 

lasted as long as 4 to 5 cast 
iron water coolert doors. I he 
material of tin; cast non 
doors IS about i-itich thn k 
111 section, and the cooling 
action of the water does not 
rajiidly in in irate the material 
Fig. ifiS shows details of 
water-cooled door frame. 

Fig. 16') shows the ar¬ 
rangement of the Knox patent 
pres.sed steel water cooled 
doors and frames on the front 
of a furnace fitted with three 
doors. I'he franus are 
secured to ti|irights m a 
simple manner ainl the doors 
are lifted hydrauin ally. 

Flexible pipe connections 
are made at the doors to 
allow for their movement. 

The circulation of the water 
through the doors and frames 
proceeds from an overhead 
tank above the furnace, the water being forced down through an ejector in the 
bottom of the tank and passes through the doors and frames and back to the 
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S€Cf*on 3 l Plan 

no. 169.— Arrangement of Knot Patent Water-cooled Doors and I-rames on Open-hearth Furnace. 
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beads of furnaces in repair, owing to the cutting action of the lUme as it passes 
o»er the [>orts and strikes against the hack wall of the uptake, or wliat is 
known as the “bulkhead.” At the (iary works, Illinois, where they liavo 
probably the largest o[)cn-hearth jJant in the world, they have found that water- 
cooling has Ireen useful in reducing the cost of rejiairs. They introtluccd pipes 
of rectangular section fitted between every 3 or 4 tiers of bricks in the 
end wall, A constant flow of water was jiassed through them, cofjling the 
surrounding brickwork. 

In Fig. i6o the arrangement for cooling the bulkheads as devised by the 
Knox I’lessed and Welded Steel Co.,‘shows six U sh,i|wd chambers of rect¬ 
angular section containing pipes with small i>erforalions, and airanged to keep 
a constant spray of water on the surfaces most cx|X)scd to the lie.il. 



CHAPTER XXIX 


r.//,I 7;'.9 rOR OrEX-UEARl'H EURE ACES 

'I'liF, subject of valves is an important one in the economual and efficient 
working of an open liearlh furnace, h'or regulating the su|)ply of gas and air, 
inlet valves are fitted, winch are usually of the ordinary mushroom ty[>e, as shown 
in rig. 171. 'I he difficii|iies met with in working reversing valves have led to the 
development of several ty|ies of vahes, de.signed with the object of minimising 
the leakage of gas, and allowing reversals to be carried out esiiediliously and 
with a minimum of manual labour. 

Siemens’ Reversing Valve. —For many years after the introduction of the 
open-hearth furnace, the type of valve commonly used was the .Siemens’ InitterHy 
valve, which to this day is employed extensively m its imjiroved form. Fig. 
170 gives a jiait sectional view of the arrangement. The c.asing is of cast iron 



or cast steel, the opening at the top being connected to the gas or air supply. 
The valve is supported on a sinndle, by means of which it can be thrown 
over from one side to the other by a suitable arrangement of levers from the 
furnace stage. 

Fig. 171 shows the ordinary arrangement of gas and air reversing valves 
with inlet valves and ojierating gear. 

Kirkham’s Improved Valve. —With the object of reducing the leakage of 
gas, William Kirkham, of Sheffield, introduced a valve with a Hap or “ tongue,” 
in two portions, as shown in Fig. 17:, A small movement of the upper 
portion, on tlie spindle, allows the valve to adjust itself to the casing. There 
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is less liability to warp with the Kirkham than with the solid valves. The 
tongues or flaps also can he readily renewed when worn. 




The Schild Valve.- This laK'c consists of a heavy cast iron plate in which 
are tlwee holes corresponding with the openings of the gas and ehiiniicy flues, 
and on this plate slides a pan haying four 0])enin,".s through it. The two middle 
openings in the pan are covered hy a hood forming a passage for the waste 
gases, and the two outer openings are connected hy a U-shajicd pipe. Fig. 173 
shows a sectional elevation of the arrangement. On top of the U-shaped pipe 
is another pan with a hole in it, through which the gas passes into the pipe 
lc.ading to the flue. Ilotli pans are filled with water, the upper one forming 
a seal hetween the gas bo.\ and the pipe, and the lower one keeping the bottom 
plate cool. By means of a hydraulic cylinder and rain, the lower pan with its 
hood and pipe is moved acioss the openings in the bottom plate, thus reversing 
the direction of the gases. 'I'lie air'valve is constructed in a similar manner, 
hut is simpler, and has no s'ationary box. 
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Since the inltoduclion of this reciprocsiling valve, the piinciple has been 



applied to a_rot.(ling valve. This latter valve is mounted on a stalioiiar)' l).lse- 



plate containing three ojienings at lao*^, two of which conimunicate with the 
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gas flues leading to the regenerators, and tlie third with the flue leading to the 



Part Sectional Plan 
Fig. 175*—Dyhlic Keversing Valve. 



stack. A pan with tlirce openings corresponding to those in the bedplate rests 
upon the latter, two of the openings being covered by a connecting hood, and 







r.^/.i’AS /'OA' OPEX UFAfilH FCEXACFS 315 

the third l>) a pij^ forming the gas •'UppI) thic 'lo the cm uiiif< lenec of the 

{lan is Secured a iwetlud nm, hy Hhi«h the |un < an he n'latid 

The Fischer Valve- Ibis (unM>(s ol an inrtr (\hmicr uiih a diagiMial 
jartuinn, >^orkmg insuli la >a!\e casing ol i!h <>tdiiuiy >ieini n> I iu* 

partition in the c\al \al\^ isolatis iIm- |sissagi «i>nri» cling tiu gas Hue 
Hilh thi- furnai e inun ilu jass.ige <oiim (t;ng the luina» e with the sia< k, and by 
half a turn ul th<-,\al\e, tlie diagonal partition itMrsts tin- diu<tu»;i ol the 

Ho« of ib.e gas«s i he joint lulneur the \alve and the casing al the top is 

rnainiairud liy means u! a 1 alaru e utight. I he i.unt a' the bolioni, lu-tween 
tlic \al\< and the ca-'ing, \* made by n s(al ol saiul or aslu'^tos I « akage ('I 
gas al tIu- (irt iim!( n lice of tb<- >ahe is jn\<-nt(d b> staling stiips and 
segments which are ad)nst<d l>) m<ans<>f eount<‘rweiglits The WMglit of the 
\ai\e IS laki n h) a haU bi aring, and the \aU< laii lu rt\( rs» d l*y liand. big. 
174 simws the .irrang* iii< ni. 

The Dybhe Valve “^iMional (h\.\t)oiis .md plan of ihi> \ iKt (matJe by 
llu' Morgan t oii'^ru* tii>n < o ). ai» ^hown m bi.- 17;; As will l i s, ( n lioni 

the ilhisti.ituMi, th( lurn.nt, slaik.and gas oi .nt ilut * 1. nmn.it. in .» ; nuijmif 

four op» nings loi nnna 'ju.uir.ints ..f .1 1 in !< ( »\ m tbr s. ibe op.mn. . is pi u (<1 

a hollow <\lindri<a! \aht. li.»Mng i tii.mK-tii'.il ptriilion in i-!'. dipping into a 
water-si .il« d < asting on tin iiiakwoik Hue. lie nuis.dol th. \il\i is in ul<- 
by raising it Mi(fim(nll\ (h\ im .ins of ih. lodiaulu tllv I. \m ijcai 

sbownj to pt imit the « » ntie piiiili-ui to < h.u tin < <lg< s .>1 llu w.it« r m al , the 

depth ol tile <«utf*- pailition being iiiad<- 1* ss th.m lb. 1 ir* uiiil. o m e ol ibe 

valvi-, tlu‘ w^ili r SI tl Is not broken wlun tin \al\e is rivirscd Ibe valve 

Itself is surroimdt.d bv an outi r () lindru al box opui at the lop, fill* <1 w ith water 
and forming a wat< 11 u ki t. * 

The Blair Reveretng Mechanism, dlus ! c \ u e < onsivts of swinging s» 1 1101 is 

of Hues w bu h I an be made to < onm 11 llu g is and air sii] plv to i ilbi r t nd of 



Fin. 176 —niair Reversing Mrrhanikni, shewing tiibri In posiiinn, an'l Operating f>e*r. 

the fumare, and the waste gases to the stark, without the introduction of valves, 
big 177 sliows a plan of g.as and air Hu‘ s, and big. 17^ the arrangement of the 
Blair swinging flue sections, 'i he sections arc ronstrucled of steel plates lined 
with firebrick, and their ends dip into waRr sea!-. 1 o reverse the fiirna- e, the 
gas-regulating valve is closed by means of a hydraulic cylinder, which at the 
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end of its stroke releases the valve actuating a second cylinder, and lifts the 
ends of the three flue sections out of their water-seals. At the end of the 
stroke of this cylinder, the valve operating a third cylinder is actuated, which 
causes the three tubes to swing round. The second cylinder is then operated. 



Fir.. 177 - ri.ui Bljiir Rcvcr<;lnj:j Mechanism. • 

Tube A connects either end df fnin.ice to stack alternately, llic unconnected line optn for 

adiiii'-snin of air to furnace, lubes D and C coimcct aUtin.itely, the ^as valves \Mth furnace 
and luin.ice with stack. 


and the tubes are lowered into their reversed |iositions in the water-sealed cups 
at the tops of the flues. The other gas-regulating valve is now opened, and 
the working of the furnace proceeds. The gas and air legulating valves are 
automatically adjusted to the positions they occupied during the previous period 
of operation. 



CHAPTER XXX 


AS 

Prior to iSSh, when Captain J»>ncs, m Atufri<.E nnd ^tr. ('». Hili^rnstock, in 
(itTinany, snnult.nuotisly irUroiluml the iiiu* r int*i slccls>oil;s j'l.ulice, h<pn«l 
metal for H< ''>cnu r corn < rt«‘rs uas citlicr taki ii din t t fiorn the hl.ist fuuuce, or 
from (iipolas where tlu! pi^ iron ^^as r« nu Ited 11 k ^ul.uuy m th< <pi.dily and rale 
of output often r^sult(*<l from tin: us«‘ of im tal takm diUTl Iroin the blast 
furnaces, as variations in tlie coni^<4)Siiu)n of the uont\ere not mu oinnioiif and 
dela)S\vi.re somcliincs (>< casioiu-vl in the supply of tlu* hot im tal to tlie con¬ 
verters. Remclting m liar cir^xthi tcinedi* d to some exl< nt both these <Iefe<U, 
hut tlu.* cost ol iriiKlting and !h<* unp.ulalion oj more sulj'hur to the metal 
duriD),^ tlu: process, increased tlu* (ost of production wiiiiout Mnj)rovmf^ the 
«(uahly of the m.iltiud, which, ho\\< \< r, w.is inor4‘ le^ul.ir in <onij'osition. 

'I'hc imxir used on the ('ontiiu ni w.is of 70 tons «.ipaciiy, and 

erected at Hi)erde in 1889.* In the sanu- year a mixer ol 80 tom e.ipacily 
was install'd in Isiudaiul at the harrow Steelworks Mistrs were used in 
Itessemer steel inanuf.uturc only tinlil al)out the y ar i9«>'>, wlun the use of 
fluid nu lai for or'iuury oi>en-hearth • li.ue' S was develop' d. With ojx ii hearth 
furnace iiinnts, the mixi r is beeounn^ inereasmely useful, both for and and 
basic fixed furnac*- pra' tue as w< 11 as lor the various continuous pro* esses con¬ 
ducted in fixecl and liUin;^ opni-fuailh lurnacts. 

'Pile mixer was first applied in steidworks as a eolh ctor of the various 
diaries from the blast furna'cs, umCini^ the romposition ‘)f tlu* metal and 
serving out the furnace ' harg< s as retpnri d. ^iipc then it has dev< loped into 
a huge furnace, equipped wuh regnu rators and fiK 1 su};i)ly appar.iius, performing 
the functions of coUectur, jairilier, .iml distiftuUor. It is fast lu coming an 
imj'Ortant installation in all modern slielworks 

Design of Mixers.—'I lure an s< \cral d'-signs of mixers, and .1 h-w of them 
arc illustrated^ m Pigs. 17H to 1S3 wlmli f<»llow. One of the simplest forms 
of mixer is that illustrated in K g. 178. It consists of a cyliiuhual taxing with 
eccentric ' onical no.e rt sunhhng a iiessuin r ronveiler, with inlet ipid outlet 
for tlie tneiai. In the se< lional views the lining is bliown. 'I Ins lyjK- of vessel 
is ojA'rate'd by h>drauhc |K;wer in the sanu! way as ilie mixer sliown in lug. 
179. It IS not, however, healt.el by gas or other means, hut acts nu-«.*ly as a 
collector and distributor of n^tal. • 

Converter Type of Mixers.-- In Kig. 179 are sliown a scMional cIcv.Tlion 
and cross-seclion of a mixer used as a < ollector of metal, 111 which the iron 
is kept hot by means of oil fuel and air und* r pressurt.' 'Kli'' form of the 
vessel IS similar to that illustrated by lug. 178, having a ()iindn'a! body with 
conical nose. It has an inlet near the bottom on the toj) side, and an outlet 
at the nose. Both oj>enings are covere<l with hing'^d doors, operated electri¬ 
cally by motors, arranged as shown in llie illustration. Beyond the metal inlet 

• “ fourn.il Iron and Steel In'-iU'Ue,” V, ]>. "jf i. 

• by ihc kind i>cinussiwn of the maker*, litlcsiu. The Itcrlin-Anhaltiichr: Maschinenbau* 
Actien-GcssellKhali, Kohn*Ba>cnthal. 
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there is an outlet on the top of the mixer for gases which arise from the metal, 
these are <arried away through a flue which is connected between the outlet 
on the mixer and the trunnion joint fixed to the pedestal in line with the centre 



of the rocker, upon which the mixer tilts. There is also an oil or gas fuel 
inlet near the nose of the mi.xer. The tilting of the mixer is performed by a 
hydraulic cylinder with ram attached to a connecting link w hich engages whh 



JU/XSXS 


3«9 


a bracket bolted to the end of the nitver. This is shown clearly in Ft)" 170, 
The movement of the inner is limiltll b) a lu.nktt fixed on the eonerele lonn- 
dation near the bolluin of the vessvl. Tlic inixtr n Inud with refraelory 



materials, Isisie or and, annidmj,' to the kind of iron heioft |irodiieed m the 
blast futnaecs 

()ne arrannuneiit of oreihearl rrane forcatrsini; th.- ladh ol im lal to the 
mixer is also shown. Tlie ronli nts from Ihe’iiiix.r ao- Ii|.|k.| into a l.idle 
susiK'iukd Irom a irane similar to the one shown lint on the otln 1 side, or into 
a ladle moiinled on a loco ttmk, anordiiijt to the arrangement of tin- works. 

Open-hearth Type of Mixers.- .tnotla 1 desi,;ii of niutr nsi d for l.ir^e 
quantities of iin lal is that shown in I'l^ I 'io, whii [| ilhistiates a 700 tou mixer 
mounted ii|)oii four roller fjniies liolted Iq foundations, the riiixir heiii); 
controlled hy t wo lij dratiln' eyhiidi rs .and r.aiiis .it 1 .tr h end. d here is .a port 
hole at eac h end of the mixer wliii.h coniiei ts with the fhii s from the ree, nrt.ators, 
through whii h lieat is su[»phed to the mixer. 1 tic rrg'lu i.ators .ind flues are 
not shown m tlie log. Tlie metal from the blast fiirn.iee is isan.d into the 
mixer at one side and enijitied at the rather. 1 he body of the mixer is made of 
rolled plates rivetted togetlier, and lias lour suhstanti.il rolh r-path tastings 
bolted in segments rigfit round the body of the ni'xrr. 'I'tie inside is lined with 
refractory inalenal. 

Details of Roller Path The details fcf consimction of roller paths and how 
the castings of which they are formed are fixed to tfie body of the mixer, are 
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illustrated in Fig. i8i. The arrangement for rotating the mixer is different 
from that previously described. In this design a toothed segment is bolted to 
the underside of the mixer, and a pinion which engages with it derives its 



motion through suitable gearing from an electric motor. The end plates of the 
mixer are bolted to the body in a very substantial manner, as shown by the 

illustration. > ■ , , • r 

Mixer with Hegeneratore.—Fig. 182 represents a sectional elevation of a 
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mixer mounted betoecn the pts and air jHirls of two sets of iineiui.noti. The 
mixer is arranged like an ordinary liliing o[h.'ii tiearlli furiiaee, dillunig only in 
the construction and in tin: m/c of the routini^ part, or nu\( r ptopt-r. i ho 
reversal of gases is made |>eriiKiically as in die ordinal) ngenciaine (iiiiiaees. 
The metal is received into and is poured linin die miser on lln' s.iiiie side Init at 
di/Terenl ends. hig. i8j sho«s a photo ol the iiiisir and staging eoiiipUlc. 



l it. iSi. I )ct tils of Kctlcr 1’I',).. Mixer. 


Capacity of Mixers. Mut rs ju; niadi- uuli«np.n iiu's from »S'l 

to over jot o tons. Some ditfi fence of opinm# exists ;is lo tin* most suit.iMe 
size of mixers for use m steelworks prnetu <■. W lu n mi\( rs are used as refiners 
of metal as well as collectors and ilistnlfUlcirs, the \\i .ir on ih*- linings is st vt re. 
Dr. Petersen, in reviewing the present position of the Kasie op< n-lie.irlh pro< «-ss, 
suggests that the si/c of mixers usinl ns r« fim^s should noi exMcd 250 to ^00 
tons capacity, in view of the great corrosion of the lining hy llie ;Mtion of the 
oxides and .slag, as wtll as the flit'lifully attending the emptying of mi<*Ii large 
vessels. It is a fact, however, tlial small nnxms of 200 tons rapa< iiy are In mg 
replaced by mixers of larger «aj>a(ities. 'riie inmiations of small mix* is^f.iard 
the progress in slrcUorks whej;e the dciiianils^u|K)n tin; inner or ihim ts arc 
great. The decision as lo the best si/e must depend upon the p.iiln iilar 
conditions of steel nianufai lure in each works. 

The Mirer as a Refiner. Unheated Mirers ~ I'hi inner is of great v.due 
to the liessemer and open-hearth jiroeesses as a refiner. When iisid only as a 
collector and desulpliunser, large [lercenlages of the various iinpnnlies fexeepting 
carbon) are removed. One rcniarkalile feature, brought out by I'rol. O. 
Simmerbach of lireslaii, in a most instructive i-aper given by linn on pig iron 
mixers,' was that desulphunsation was effected ei]ually wi II ui healed or 
unhealed mixers. The following changes were recorded in the composition of 

' “Stahl uud hiscn," .March ^di, lyil. 

Y 
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good basic pi(' iron conlaining I'l to i '^ per rent, of manganese, from the lime of 
leaving the blast furnace at some distance from the mixer, until converted into steel. 



1. Aver.igc sulphur .it Mist furn.ice. o '-,5 t "o 

2. Average sulphur entering the miMT.o'ioo'’o 

3. Aver.age sulphur entering the convrit^ 1 . . . o'o84 "o 

4 Average sulphur of finished steel.o'oSa % 


1^2.—Oars-fired ( >pen-hcai:ii I of Mixtr 'auH Kcgcneraic^r*. 
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The not.iMc rc»!urtiun In suli'luir th.u which loi'k plncc in tlic ladle while- 
beio^ conv<\cvl Imm ihr blast lurnacc M llu: nn\«r, aiiAl is C'jiial lo ;o :i [hi 
C fiiU of the total feiluc-iuHi of miIj iuir, \\!hlc 7 :<) jif rent took {'li.e- in (he 
mixer, and tlu rcinanidi r in llic ba'-io <'>n\< tu i U w.i-' leunul (loiu ollu*! (t s(s 
that when t!u non contained a h)v\cr I'lUcivia.: ut nun^aiu se h vs sulphur u.is 
rer.o\cd during the liansh r o| tin- nutal !t'>m the hiavi hnnae«- (<> the nn\ii. 
The nu\Ar liad a cap.n it) »'( 75 • t'-ns, aiul ih< awia.;« aiuiyv.s o| tin nutal 
over four da>s was - 

^ 1 , ■. .p> ; Mn, I >. n i\ Uo-'' oeS; p. r M'nt, 

Heated Mixers '11.e iU^nc <>1 rAlhununl <>! U,. I.d m 1- i:. d nmeiv 1 . 

umkr dircet Otinltol, uivl as hukIi as the met il in tiu <>p(n!uar!h luma«i 



1 I . ■ ‘bxcr J . 1 M 


Mixers ar»: In at< d with prodm 1 r j'a-. .ind air, oil and air, or Mi ! f'iinae« or 
coke oven .Leases. 'I'ii<- Unipi rature of lh<' iit t.d ran, l!i' T' t<>i< , Iv 1- nlaO o to 
meet tlic most fasouraole ef)nditii>ns for lie- * Imiinaiion o{ tir I'npunti-.s it is 
particularly desired to r« ino\e 

'Fhe foliowin:; results w» re ohlaim-d from a o ton ini’*'r la ate<l with 
producer gas and air, the air only being pn.heated I h' t< in] ' i Uni' of tie: j eg 
iron on en lermg and leaving the mixer was j-MS' Vsp<(Uv(l). 

*ro the iron, winch coniain-'d Si 1 t p' r r- nt., Nto i 00 p- r < '.ni . '/i \ to o'ly 
per cent., 1 * ocSo jm r c nl , as it enh-ri I the nrxer w< o a'i<h-d I ji'-r «ent. o( 
ore and IJ percent of lime. It is record .d ih U duniM a [>'n id ot five weeks 
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the average removal of Si was 30 29 per cent., and of sulphur 50 54 per cent 
The ore contained 3 per cent, of Mn favouring, along witli tiie high temperature 
of the mixer, the desulpliurisation of tlie iron. 

Silicon, however, laii be reduced much more than 30 per cent. Mr. P. S. J 
(‘ooper states' that at the North-F.astern Steel Works, Middlesbrough, where 
they have two 400-toii gas-fired mixers in ojieration, the silicon was reduced 
froui rS per cent, to as low as o’5 per cent., and frequently lower. 

Other instances of charges and compositions could be given showing the 
value of the mixer as a refining furnaqe. 

Operation of Mixers.- When a mixer is newly installed, the usual care 
bestowed in drying an open-hearth furnace is as necessary for the lining of the 
mixer. Hues, and regenerators before filling the mixer with metal. Mixers with 
no heating atlachincnts are dried with coal and coke fires assisted by an 
auxiliary blast of air from a llexible pipe connection, or they may he dried by 
other suitable fuels, such as producer gas, oil jets, etc., if these can be carried 
conveniently to the ir'xer. Where two mixers serve a-steel plant, the metal 
from the blast furnace is charged into one,jwhile metal is being drawn from the 
other for the steel furnaces. This alternate use of the mixers allows more time 
for chemical reactions than when the operations are conducted in on.- 
mixer only. 

Weighing the Metal taken to and from the Mixer. -Different methods are 
ein|)loyed for weighing the metal going into and taken from the mixers 
Weighliridges are usually |il.ai ed in some convenient posilion, eitiier adjoiniiic 
the entrance to or inside the mixer huildmg, to weigh tile metal as it conics ftoiu 
the blast furnace. 'I'he ladle, when weig'ied, is lifted from the truck by an 
oveihead crane and tairicd to the mixer, or the truck is imshed 111 front of the 
inlet to the mixer and the ladle tijiped while on the truck, and the contents 
[loured in. 

For weighing the metal taken from the mixer an empty Ladle on a truck is 
[ilaced on a weighbridge uiuler the mixer [ilatforin in a position to rereive the 
metal. The operator coiiliolliiig the moveiiicnt of the mixer has 111 front ol 
him the weighbridge aim, whicli shows wli.u weight ol metal goes into tlie ladle. 
He can, thcrelore, control the weighing and [luuriiig .at the same time. When 
weighed the ladle of metal 0311 lie drawn away by a locomotive to the furn.ace 
to he cliaiged, or lifted from the truck by an uxcihead 1 rane and taken to the 
furnace or converter, if the [ilant is arranged so that tlie oiediead crane controls 
both mixeis and fninaces. 


“Juurn.1l bam .ukI .Sle’cl InsUlulc,’’ 1908, III, |i. 195. 
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'rnr .il ^upj’U of xi-nu] \n MiHuioul •ju.intitics •>nr o( ilu* most 

imporl.itU It'tns ni th' W'.tl.ujj' oi .ui n-lu .ulli "r "ihor (utti.ho for storl 
mciiiuf j'tijr<’" lu ic Lj.i'' hit 1 i-'VI'''il Itut'.V'-'s in lit j'liiC "I .V'ls.in»os 

in s, ind m t ner «'nvij t lit ion, ' il! for tfc- use "I < )i< .ip i,'i.u!. s uf « o.^l .iiul 
diinami lluU tlu ui.i\iinum .iiuovinl ol '.^'O'l ^.is '•lull i>i^ 
olilninod frtun llu in. U lu n <o.iI*uis (om- 

|K,‘titK)n Kss kot n, .md I'roCits more .iwur"!, ^ 

i|uality ( o.ii ".is lU ciiH(s'M iiti.il I'jf tlu? j'rotlu' lion ' 
gas, l)iit of l.»t< sc.us llic {iMj'lt'Vin' nt ot «li- .\\\ r '{u.diti* s 
of coal lias iiK (.s'-uati »1 nu>'iil‘:< ati'»ns in the t \ j cs "t pio- 
dvi' i-is, man) makes ot wim h are mos m use, i ai h di sigm d 
wjlh llio object (jf geiK-raling g-uxl gas fnmi lotnnion 
grades of coal as leom'innally as j.o>-''tbi<- 'I hough 
many ot ihe ]'rt)diu'rs dilttr frofti one .inolln i tin 
methods ol Nsorking an- in most r.ist ■. iht vaim . 

Hiatoncal Ibe lust mltinaltv tnd gas protiuctr is 
supposed to have Ix'ii iiu-nteil m i^to I'ls'li'^han 
Austrian It v\as esi «i m ( oniu* tiou with a im tallinu'* -d 
furnace, lh< passage ol an l!iri>in4!i tin’ in< .nuics' < nt fii< I 
bed being ohtaineil from llie climin' \ di.uighl i 1 h gas 
generated was dra\Mi <at tluoiigh tin outal to tin* luma.' 
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led in tlirough the oi‘cmng at the top. No sl»am wa> us. d willi lb.- an hig. 
184 gives a s< eiion of the prodm . r. • 

In 1840, l.hehnatm mtiodm'd a ptoilu. < r,< l ig i-Si;, wlmh liad for its 
object tlu d'eoiujiusUion of lhelan \ li)'!rof arhons, h\ « unsti. lining tin volatile 
gases to pa.ss through ilie lud ot nuand'SMiit ha) h'l'in 
leaving the prodiiecr 'I'he i roihi'ir was (unstriKl'.d wnh a 
charging ii'. i! tlir<aigli wh;>ii the Im I gta-lually d's( end. d to 
lht>coinbusti'>n /one 'I his h atiir. is still retained m s-am 
moilern pro'lm.rs, and wliile its (.tiumal oii). it <annoi h. 
said to lie \ery suc« > ssfiih tti<‘ hv 11 a* ts as a sl<uage (li imh't 
for iiealing th.e coal before it vl^si ind' to the Ued of iman- 
de.scent fuel. 

With the inlroilu'tion of the gas-lirul op«nh'.itth and 
crui iblo furnaics by r W illiam 'sieiiuns ami Ins broth'r 
Fretlerick, it became nec( ssary to provnle suitable imaiis lor 
producing gas on a commercial scale for use in these futn.m < s 
They therefore dc^igne<i .1 produu r ‘ m 1861 to rm et th-n 
requirements. Il consisted t)f abrn k > hamh' r with an mii' r 
lining of fiiehriiks, containing an inclined gra*--, lb.' npjtcr 
portion of which was cornjKjsed of iron j'tat's !inc<l with firf bru ks, whiUt the 

' “Collc'-it'l Wuik', ’ v'/l. I i> 219 


I' I , 1^5 lb** Kbcl* 
in.iiir» I’l'/'bn.rr. 




3 i 6 


LIQUID STEEL 


lower portion consisted of flat steps arranged horizontally. At the foot of the 
grate was a covered water trough supplied from a cistern. I he fuel was 
liitroduced at the top through holes at intervals, and the poking of the fuel bed 
accomplished by means of a bar inserted through holes. 

When working the producer, gas was generated by a current of air passing 
through the grate and by steam given off from the water trough, through holes 
at the^ide I'o maintain a pressure within the gas flue, the producer was either 
placed at a lower level than the furnace, or the arrangement shown m hig. i86 
' - • was adopted. I he hori¬ 

zontal flue marked " A ” 
being exposed to the 
atmosphere, caused a 
drop in temperature of 
the gas, resulting in an 
increase in its density, 
which, acting on the do¬ 
st ending column, forced 
the gas forward to the 
furnace and maintained 
an internal pressure in 
the flues. 

Since Siemens intro¬ 
duced their producer, 
many .improvements 
have taken place and 
many patents have been 
granted in connection with these im[irovemcnts. The main idea, however, has 
been the s.ime throughout, namely, the production of a comhustihle gas from a 
hed of incandescent fuel hy tlic passage of air, or air and steam through the 

ni.iss, , 

The essential features of economical and efficient working may lie summeU 



Fli,. iS6. - Siemens' Origiiinl Producer. 


up as (ollows : — 

(i) lied of incandescent fuel of sufficient depth to ensure an almost com¬ 
plete reduction ofCOj to CO, and at the same time the decomposition of the 

steam. » 

{.•) Fai ilities for ready removal of ashes and clinker. 

( ;) Uniform and continuous production of good quality g.as. 

(4) Even distrihutioii of fuel. 

(0 Siiiiphcity ol design, involving minimum l.abour ami repairs. 

Solid Bottom and Firebar Bottom Producers. -These producers are not 
often used because ol the difficulty in cleartng the ashes while the producers 

are at work. , . , , 1 • 

A few of the producers retain the solid hottoni and lirehar bottom, .and it is 
worthy of note that a recentl,v developed prsducer, namely the S.F.H, tyiie 
rlescrihed on page 346. is made with a solid bottom. From the description ol 
this producer, however, it will he seen that its method of worktng ts somewhat 
difrerent from that of the usual types of producers, hence the somewhat re- 

niaikablc design. r 1 • . j'(r„ 

Water-Bottom Producers.—Most modern producers are of this type, ditier- 
iiig somewhat 111 their details of the water-filled ash pans and the method adopted 
for the removal of the ashes. In some cases the ashes are raked out and loaded 
into trucks tr carts, in others mechanically discharged. , , , , . . ■ 

The method of introducing thd steam and air into the fuel bed vanes in 
different designs, depending upon the arrangement of the grate or tuyere. In 
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some producers, ihc air and steam pass through a l«\ctc at the Imttom and in 
the Centre of tlie prodi^ er, the tu\erc luriiii; co\eft-d witt\ a tap It) prevent the 
fuel and ashes from tht-km^ Uie pijn.-. [n other jirodm ers, grates of various 
desij^ns are fiitctl, wli th may he eillur fivctl or ha\e a roiaiy movement wiili 
the ohiect ot hreakifi4 ujt (he fin 1 aiul clinkt r, the air aiul •sivam passing tliroueh 
holes in the grate to tlie tuel Ited 

Distribution of Fuel, in many ponliners i 1 k- fiul l^fed IhroivJ* a (eeding 
hopirer at ititeivals. fxdtcd dtinn, atnl levdlcd tl) as urll as possible 'nun 
rnelhtxl of (eotling etval is nt»w 1 m tetiyni^ed as un-sitisl.n itii), hftause large 
(juanlitu s .rt cold eoal inlrotiint tl tiUcrnmlt nilv tht not iemi to jiiotiu. r gas of 
unitorm opiahiy, 1 h< se hi 11 aiul hopjvr ha'ui n >1 piodm ers art llni'l tt' ru>w 
giving wa) to nu rhnnic.ajly tnl poMlmcrs m whieli the e-al is continuously dis- 
Uihutetl ov'i lilt hit I httl, thus maintaining an uniiorm range ol tuiijx-rature 
and j)rotIu( mg an unil'um 

i]uahtv of gas. ’ ' 

The Bildt Mechanical 

Feed 1 iu- tnsi t>p. <1 ■ * ' 

me* li.ini' al !< ■ d uas iniro- ♦ • 

duced in Ain« in i, aiui is • ’ 

known as th. oed. 1 i 

It I onsists n! .11 -ul hoppi r, | 

Jijst below the out’i t of 1 

Vihiih 15 arrang'sl .1 dis» ('.•iW', ..r ;\ . : 

rotated by nuans (-1 g< ir v-'ty 1 i 

ing. 'I'lie di'''' I in lie | 

raised or hnA<ii«l (>• suit ■ *•'”]] | 

the si/e ot thr ' nal mid, 'I 

which IS di''iiil)Ui' <1 evenly j '• , 'I 

over the tuellM d l.\ i< ison ' ^ ; 

of the sha)ir ol iiu disc '■ ■ I 

and Its s]x (d of roiaiiun. ; ! 

Coal Handhng'Plant. „ XJ. „„ I '-*/»-( j 

--The inlrodiu tion (g me- . ? „ f f 

chanirally hd produ‘-is ^ ^ 

has cons'siuenil, I>.d to ^ ' 1 ‘ ” i ' 7 -”' 

improvements in « oa! ^ 1 * 

handling in ih-- j-rodu-ir - ’ ' i| ’• 'j 

house, t )iiginally Ihi < o.d I ! ' 

was sliot on 10 till' slagin.' / . r'-iu.-r.-. I t ^ 

in heaps and (};• n shov-'ll-.1 j [ , d , 

by hand into tl < J\ 1 '*''1 "1 

asrcipured Teal iMndlin;; ^ . I < | jL 

plants on an elaborate ,, ~ • ' 

scale are now titti d tor . ' • / ' : 

working in (.onjumiion ‘ \ : 

with ])rodu'er-> of the * ' vi \ 

mcchanii all) fed t\pc. I lie . . . 

arrangcni'-nls de].. nd to Ki,,. 187.-ro.1l .n,-! Ash ll^rahog I'lai.t 
some extent upon sur¬ 
rounding conditions, but the gcnerrH idea is tie' same, r i*. the provision of a 
coal storage above the jirodiu.ers,'from whifh llu fuel mn he fed into the hoppers 
of the producers to Diisuri' a constant supply. • 

Fig. I'S; shows a typn al arrangement ot i o.ibhandling plant installed at the 
Lackawanna Steel Co's works, Buffalo, U.S..’\. 'I'Iimc* the coal is brought in 


Ki... 187. — C'o.il .11 .'1 Avh Ilariiliiig I'laiif fM /i^'inh] 
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trucks to tli<- railway siding wlii( h runs alongside the gas producer house, then 
dumped into an elevator pit and carried up to two coal Inns, each of 280 tons 
capacity, situated aliove the top of the house. From these bins the coal is col¬ 
lected in a inn of 5 tons capacity fixed to an overhead travelling crane, and this 
su))prns the hop|)ers of the sixteen lo-feet-dianieter Morgan producers below. 

Mechanical Poking.—As an alternative to mechanical feeding, some pro¬ 
ducers f re fitudwith mechanical poking arrangements, whereby the coal, fed 
by a bell and liop|ier, is distributed evenly by means of a jioker worked con¬ 
tinuously, and winch also has the advantage of thoroughly stirring up the fuel. 
Hand |iokmg is thereby avoided, and the cost of labour in working the pro¬ 
ducers dmiimshed. 

Bye-Product Recovery. -Many investigations havi^bccn made of recent 
years coneeining the recovi ry of bye-products from gas-producing |)lants. In 
districts wh< re jiroducer gas is made on a large scale for sale to factories, and 
in large gi iieratmg stations, it lias been found economical to instal [ilant for the 
recovery ol ammonia and tar, but 111 steelworks where gas producers are used 
111 conjuiictioii with tlie^ opeii-beartb jilant, soiiiewliat different circumstances 
prevail, and a dillerence of opinion exists .ai? to the advisability or otherwise of 
recovering tin se bye-i>roducls from the g.as before it is supiihed to the 0]ien- 
bearlli furnaces. 

For valuable infoimation on the recovery of ammonia from gas producers, 
refeienee should be iiiade to papers read by .Mr. Humphrey' and Messrs. Hone 
and Wheeler.- The Mond jiiodui er, introduced by Dr l.udwig Mond, F.R.S., 
has been espei lally developed lor ammonia recovery. 'File csseiilnal condition 
lor ammonia recovery lies in the injection of a large fpiantity of superheated 
steam with the air into the producer. 'I'hd latter, therefore, works at a lower 
temiieratiire than in ordinary non-recovery producers, with the result that the 
ammonia piodiiced is not dei oiiiposed, but jiasses out with the gas and a large 
proiiortion of imdeeomposed steam into the recovery apparaliis, where tlic 
steam is condensed, the ammonia absoibed, and the gas cooled and passed on 
to the furnace. 

The ammonia, wliiili is absoibed by sulphuric acid, forms amnioniaeal 
liipior, a solution of ainmoimim suliihale. This is then evajioraterl until the 
sulphate ciystallises out, and after drying, is ready for sale. Sulphate of ammonia 
IS being incicasiiigly used as a Ikrtiliser. 

While the sulphate realises from ^10 to Xm I'ttr ton, there is also the 
charge for depreciation and interest on the plant. Dabour, rejiairs, cost of 
suljibunc acid, coal for distillation, etc., aie other lactors. The economy or 
otherwise of ammonia recovery depends iinmarily ujion the amount of coal 
gasified , The suitability or otherwise of the gas [iroduced for use in open- 
hearth furnaces also requires consuleration. In a .Mond plant worked with 
aininonia re< ovety, the gas contains about r i per cent, of (.it ), while the hydrogen 
ami cirbon dioxide present aiipioxiinate 27'5 and i()'5 jier cent, respectively. 

Some steel-makers are of o|iinion that gas fyr open-hearth furnaces should 
be rich m carbon monoxide and taiiy vajiours, as these give a luminosity to 
the llame, and, being slower of combustion, develop a more uniform heat in 
the ftiinace. According to Mr. Sehmer,-' open-hearth steelworks in Germany 
“would not accept a producer generating normally more than 10 percent, of 
hydrogen, and as a maximum 14 |>er cent.,” which boars out the opinion that 
producer g.is high in hydrogen and consequently low in carbon monoxide is 
unsuitable for open-heartb pr.actice. 

* “ l‘r(‘Coctlm^> Inslilution of ('i’ll! Knginccrs/' vol. cxmx, |ip. 190 217. 

* “ jtrtniial Iron sintl Steel 1907, 1 , pp- 120-180. 
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Fuel wed in Qm Producers -TUc c.ij\iciiy of ^ produrrr .iiu) tlu' an.ihstss 
of the ^as jTvKiuced to a i;ioat the fin l um«1 . uiul it is msulh 

cienll*) slate that .1 prod\n tr has a capacuv oi m» many Ions |H r day or ^mII give 
a ^:as 0! a rerlain analyM*^, unhoul al (he same tune i;ivin>; jurtunlars of the 
fuel usiih As inslaiutsof the ih|Hn<i»iuv ot the inUiMil and an.d)sis o1 gas 
on tiic fiK I vis«.d, I ahl- lA \ \ I ei\ > s the output ol gas tioin tlu- saiue male ol 
gas prodiu cr wiu n us» d on dilleo nl grades o( tui 1. .\nd»'I aMe I \ \ \ I ^ ji pto, 
is a retool of die wtulmg i‘l thiittui gas piotliueis, all of tin KerjKly lyfH', 
showing the \ar)mg anaUses ohiaim d 
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1“m'Iu Dll ll> h.M .l< 
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'1 he 1 u' f movi)\ iiM d in jiroihu eis U'uli d m < on|un< lion wil!i op. n iieatth 
furnaees is heml' (hrovsn lo.i!). iuluminou-. or anlluai ite 1 oals, or «o.d <!ust 
hrHUU ties. ('oals w iili t sen laigt p. n'enlaLu s of a^li « an he \\oik< «i, as a nile, 
without mu( li dith-ultv m wat'i hoitom prodm i is, h’ll > .\u sh>'utd he f.ikni 
that m lii.se ra'’-es the sulpliui (.uii.iil is lo'.\ It is ih. pi* s. m . of sulpimi 
wluefi, m. Uing and < oiiihimn'^ w uli liu a di to I. um < link<-i. « au'-t s most trouhU- 
in gas piotlue. r woiking, and tiu rehy r« luieo- an otli< mms. . !i. ap < oai r< lalively 
of less value ’h 01 a !>- Iter ijuahlv . oal l-urtlu r. a «. itain amount o| tii. sulphur 
in coal is carried ov« r null the gas to the tiiriuue, whuli may 1 >< k'-]'( as low 
as possible hy using low sulpluiious < oal 

Vrohahly tie- |.. -.1 hu 1 for th. ].ur]ioM is good s. ie«-n.-d c oal < nr h< d to about 
iMo t-in< h < uh. s Slack . oal, aUtu.ugh lonTi in (ost, is n .iall\ l.ss.iono- 
mical in the e ml, as It ))(Ids a pool. i .(ual:t\ ol gas, < hok. s th. pio.ln.. 1. and 
increasi s ilie cost labour. 


'l'\ 1*1 s ('ll- M. i|i| i:\ V\{{ dn ( I 

In the following pig. ' descriptions and illustrations ar. guMi of oim* ol 
the best known lypt s id gas produr. !•> t mplo). d in eonjun. tion oj». n h< aith 
steel plants, arrang* d aiphaheliraliy in thna' groups linlish, XimiK^ui, .in-l 
('ontiiuntal. 'I’lu i.ailirulars ol outputs, < i. ^gu. n do not api'ty to tli. iisc o( 
the same fuels ami tlic juevaT nee of similar working conditions in . a. h case, 
but are tlie results ol ailual working in ihtUrenl .ountiu s ami un<i. r vnr\mg 
circumstances. No att. inpl is tlurelor. made to coinpan th* many t)[)'sol 
producers (h srrihi d, hut typi< ai < osls are givi n on page ^47, 1 >1 a d on tin. mlor- 
niation set forth in the following <lesi ri])lions, wim h ar<-(.ml) n pr. s. ntativc of 
the results obtained Iroin several ol th*: leading types of mod. in produ'crs. 

llKnisli GAs rK'ihl' i ks . 

The Dawson Producer. -'Hus produdr, .1 section of which is given in Fig 
188, is of the water bottuin tyi>e, and consi t> of a'ylmdrieal shell hmfl witb 
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firebricks, resting on columns in the water trough. This water trough forms a 



recc[*taclc for the .isln'S .rinl < linkiT as they ele'secnei, .and .at the sttine tune' .acts 


as a water ■.i-.il lor lereeenting 
the esiMpe ^of gas eehile the 
|irodiicer is at work, (ioal is 
fed in h\ the' hell .mil hoppi-r 
arr.ange nii'iil at the top, and 
the air aiul steam .in' inji i'ti el 
through a cenli.d tiijiTi' pro¬ 
vided with a conical cap for 
preventing the ftii'l from chok¬ 
ing the lil.ist pipe The gas is 
drawn olf at the gas outlet at 
the top of the: producer, from 
whence it passes through the 
flue to the' liirnai e. 

The Duff Producer.- The 
Duff lirodtu'er, ilhistrate'd in 
Fig. rSg, has been designed 
(or liurning low graele hitii- 
minous coals, and is of the 
water-bottom tjpe, litteil with 
a large grate to ensure an even 
distribution of air and strain 
over the area of the fuel beef. 
Doors arc fitted in the steles to 
obtain access to the interior of 
the producer for repairs or 
inspection. Coal is fed in hy 
the usual bell and liop|>e.r. 
The producer is made in live, 
sizes, having gasifying capacities 
of I, 2 , 5 , ro and r5 cwts. of 
coal per hour respectively. 
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The first four sires are constructed with a circular shell; the latter with an oval 
shell, in winch air and steam are blo.wn under the grate from two sides. 



(j,i I oi b>e-f>rotiuct > (.''i Non reco\<.ry tvpe. 










the accomjjan) ini' Fi^. 190. 
of byc-produtts (F»g ifp./), 
consists of an inner siicll 
lined with ruebnek. and an 
outer jacket fitted round the 
inner shell leaMiij; an an- 
nular S{ueo of 2 or 3 nuhes, 
down wlueh liie blast is made 
to |)as5> from the upper blast 
inlet to the ^rate. ‘J he outer 
jacket is (.\tcnded into a 
water seal formed ;n the 
foundation. A rilindtual 
bell IS fitted into tlie toji of 
tile Jiroilueer ii^lII, into whii Ii 
the fiKl I-' {(.d ffoni the chai^- 
in^ hoppci, s<> that the fiul 
IS heal* d by the out^o 
g.ases as they leav*- *.n lh< *r 
^say to the ^,is onth I , the 
object Ix-ine to ( oiivcil lie- 
h\dio. arbons 

from the ih^till.ition of t!ir 
('oal iiilo’nxed by 

tiirc<tin_: lh(.in downwanU 
ihrougli the hot ill) I bed he- 
jore till \ I an as' ■ nd to the 
gas outlet V hrge .iinount 
ol St* .iin IS ii-e'l uitli tlie Mast, 
amount.(ig to as niu(h .is 
lbs. ol 't iin ] 'T lit of 
coal gasitn d. \li> r !ea\ mg 
the* prodixt. r, lli<* hot g.T> 
jiasses hist lhrou;li .n I'lhiilar 
rci.u; < r.itor m wha h il gi\es 
up ^ iiiie ol its sensil'i* lie.it 
to the ine'oiiiing an and 
Steam '1 he ga then enters 
a inerlianHal uaslier ( oiMsl- 
ing ol a n etangular * Iiainber 
in which the ga^ is Inonglit 
into conla* I uah uau r 
spra)cd by ie\olving dasln is. 
'Die teinj)eraiui<- of the gat 
is consideiably ledu* ed, .iml 
dust and tar partly extnu ted 
From this washer the g,n is 
led to an appaiatus in win* h 
the ammonia in the* gas is 
fixed liy weak bu![)luiii< a< i<i, 
forming a solution of am • 
iijunium sulph.aie. 'I'his 
solution, known as anmio- 
niacal liquor, is pcrn)di«aiiy 


GAS Pi:o/>cc/-:/^s 


Tlie pro lucer, when constnietcd fivr the recovery 



1 1'.. 191. - l IkC Vleii !• 1 Oiiiig Pjedutt-f. 
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withdrawn and either sold for re distillation or converted on the site by evapora¬ 
tion into sulphate of ammonia. TJie gas, freed from ammonia, is then ready 
for use. 

In the non-recovery type of producer shown in Fig. 190/1, the construction is 
somewhat different in that the annular space and jacket are dibjxmsed with. 
The cylindrical bell is also omitted, and the producer resembles the well-known 
water-seal bottom types. The gas in this case jrasses “ hot ’’ from the producer 
to the furnace. 

When worked on coals giving a high [wrcentage of ash, these producers are 
sometimes fitted with a mechanical dry*ash discharge, and are then known as 
Mond-Trump gas pioducers. F'lg. 191 re|iresents the [iroducer as su|(|X)rted 
tipon a steel framework, with a conical ash collector fixed for the convenient 
discharge o( ash into trucks below. 

Typical analyses of gas jiroduced from Mond plants used with and without 
ammonia recovery are given: - 


Mono Gas kkoxi* 1(iiu,»in'oi:s Fun, 



\\ hIktiI 

• Will) 


Ainirv>111.1 rc< "kcrv. 

Aiiminiii.i n 1 ovt ly 

CO ... , 

. . 23-0 . 

. 1 ‘0 

H .... 

. . 17 0 "0 

■ • -7-5 

Hjdroi arlmns 

. . 3-0 . 

• 3 'o "i. 

(•(I. , . . 

■ • 5 '° "<> • 

if ''5 "0 ■ 

N -f moisUirc 

• • 5 - 0 ",. • • 

. 42-0 


« 

The Siemens Producer. .Many modihcalions and imiuovements have been 



Fig. 192 —The .Siemens I'rtxlucer. 


made in Siemens producers since first ifitroduced in iSfit. One of the modern 
types now used in connection with open-hearth furnaces m which the producer 
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is suitable for being built into the grouiul, is shown in Kig. loa- Hus producer 
if .water sealed, and can be contnuunisly o|iTatoi. d’ho faimhar hop|H-r is litled 
for the charging of tlu- 1 ul- 1 Since llir ilutging is done from tin- ground level, 
this ty|H; of producer is i-anu'ubrly builalde wlu-re coal is ddnerol to the plant 
at the same level, since the <\>al un be di'-uibuii d arouiul the pti>iKuer and 
easily ted into the hoppi ts by hand. 

With the islindru.d I'.pes ol j r(HUict r^ ^\llu h uonlis vtaiul un iIm , gToiin<l- 
levtd, the charging Impp. r is se\( t.d It et ab<>\e ihc ground and («*nM <|ii( mlv a 
charging platform must lu- ere«i^tl it>r Hoikme muMi It the coal is not tlehveretl 
to the protluccr plant al a high le\tl it^nusi hi taoid to lh< j lilfoini by means 
of elesattirs t»r bits 

ri(Mlu< t is o! ditb tent tsjx s ba\e liet n minuluced 
1>|H I ( mg illiisltated in l ie ^ ’I lu- jaoilmrr 


t A ’ I 


The Thwaite Producer, 
by Mr H H 'l’huau<-, one 
sht 11, wlncli IS <) bndi 1 . al 
and lined with fitebiu k. is 
filled with an Sulu It tir 
jacket thiough whu Ii the air 
ncress.u) l-u the toml'in- 
lion of the fuel is tlr.iun, • 
and In-ated in its passage to 
Iheilkl beil 'Mu pi'nilUiT 
IS lillttl with grate bais, a 
water bottom, and the uoid 
feeding Ifopper, p-^kmg 
iioles, etc, found m inn'l 
types of modtrn j>rodne< rs. 

With a view to bo aking 
up the volatile matl* r m 
coal and convtrtmg it into 
fixetl gases, 'I'liwaile intro¬ 
duced a doubl ? j^roihieer in 
which the gas generatttl is 
passed altiinately through 
the hot fuel in each pro !ii(' r 
l>ef(»rc it is drawn off 
Another ilesign of 'Ihwaitt' 

producci has lor its oiijei l llie (.nrielimcnl of the juodm • r gas by nu ans of oil 

gas. 





The Wilson Producer. In its ongmal form this is a soiul l>f*ttom pioducer, 
cyhndrnal m plan and j'ro\idid with chanmg <!oois ihioiigb wliulijlie ashes 
and clinker arc removed |)ciiodicall\. .An unproved l>pe <il produ* m h.ssihcri- 
fore b.'en eonslriH led for ronlinuous opt ration, and is sliown m log U)\ It 
consists, as before, of a cylindrical slu II liiu d w iih lirt bri< k, but .il llie bwttom an 
Archimedean screw is fut» d •vlmh, revolvmg^slowly in a wat' r ash pan, «-jecl.s 
the ashes continuously. '1 be jirodui er is also jirovul' <l with a r< volving tin* re, 
which has the effed of agitating the bed of fuel Iksuics distiibuiing the siijjpiy 
of air and steam over the area <;f the fuel bed. 

.\ further modili* alien in the form of a me< hanical < Iiar..:ing <h \i< e has be<-ii 
fitted, and consists of a rotating hollow drum whu.h h<<'Hn's fil!<-<l with coal 
from a coal hojiper above, and on rolalmii discharges Us < outuils over the 
fuel bed. • 

In cases where the separation of du^t from the producer ga^ is considered 
desirable, thus producer may be used in c/)njunction with a dust trap built 
within the casing of the producer, and consisting of a cylindrical chamber lined 
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with firebrick arranged alongside the gas producer proper and enclosed in the 
tame casing. The gases from the^ producer chamber which issue at the top, 
pass down a flue to the bottom of the water luted dust trap which is filled with 
clinkers, cinders, or slag, and passing through this scrubbing material the gases 
deposit the dust, while at the same time, owing to the high temperature main¬ 
tained, the tarry matter is not condensed. 

A \yilson automatic cleaning gas producer as illustrated in I'ig. 194, 10 feet 



intoinal vbameter, will gasify about t ton of low quality slack coal per hour. 
The cost of a Wilson producer plant suit.able for working a lo-ton open-hearth 
furnace is about ^'300 to X4°°' 

Amkuic.\x G.\s Pkoduckrs 

The Forter Trump Producer.—This producer has been designed with means 
for automatKally feeding the coal and removing the ash. The producer itself 
is of the cylindrical type with a conical-shaped bottom which forms a water-seal 
in the ash pan below. Air and steam are blown through a circumferential 
grate extending all lound the body of the producer, and also through a central 
tuyere. The /ceding device consists of a knifb and water-cooled table which 
rotate at different speeds, resulting ,'n the distribution of coal evenly over 
the fuel bed. The ashes are cut away in sections by a revolving knife and 
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ihrowB into • groove round the table, from which they arc discharf al iiu<> the 
wafer-seal ash jians by two scooivi allarhctl ^to the kiiilc rtiii; Tins aiuonutio 
removal of ashes results in the regular leeding ilown oi ilie lorl. Tin Lnile iiiig 
is held in {KiMtion by guide roller', and i' gc,ire‘d on ilie m-ule lliriui),!i suilable 
gearing to an rk (trie motor. Tin jsiwer u ijtiired to r..i.it. thekmli ring (« hirh 
makes about om' revoUition m a htnirs) -e- about i b p 

ro-feet diaiiK-ter prodin cr is designed to ga'il) p) tons of nut sije bitu 
minous coal !>er day, and J5 tons of nut and |k’ i eo.il nno ,1 in tlie s.inie |eriod 
A 7-feet diameter produn r gasiliing fine antbi.n ite mil has .1 i ip.n its of 7 
tons |H'r J4 bours The " hot gas ' eltn v.’nry ol the ptiHb. er is 1 1 1 med to be 
85 [H-r r<*nt , sIihI l)u* "cnltl '* K Mf V ("itli thr u.is ('('tfl. ,i iltMMi ti> 75 to 
80’ F; = 80 ^KT tint 'liu* Ul»our rcctunt«.! j>ri shili for .1 It.itif iv tf| 8 prtt- 
ducers vkheic the co.\l jt di li\crctl nu< h.uiu .ilU mtt) the (rfdoif; is as 

follovss 

I man to conifol ihi* w-tikiU;; ol tin: is on lop ot st u-ing- 

1 nt.in to fi intfVc ash« s 

1 foftnnan. • 

The Hughes Producer '! ho sj-f. i.il ot this i itithi.', r i.ih. u->. of :i 

inechamcal poker, wh'k h < '•n-'**ts “t j w.Ui i i ooled sti t 1 < .rtin,. ii'p< n.!( d iKun 



■s\ \v '• 

l‘io. -Thf II 1 I'l*r<!ll<*i r 


a trunnion and oscillated liy an ec< entrn nid diiv n hy nn ' hanism from a main 
shaft. Fig. 195 shoNNS a serlK^n through one ot tin sc profliK'i'-. I he sle II is 
of the usual < ylindncal lorm lined wtlli firLl'in k, and < onn* > tcil wiih a < ast non 
base ring to whicli is bolted an ash rcscpla'lc forming a w.iki st .il the 
base rests upon a revolving turntable sujjporlcd hyeoiiKal roil« r-v, so that the 
ash pan and producer shell with us fuel bed rotate togi ther 1 he poker moves 
backwards and forwards radially while the produt'.r revolves; Consequently 
the fuel bed is broktn up and tiie ash wTirkeil down for lemoval Ilie pro¬ 
ducer lop is fitted with two feed hoiJpers, located at different dislanri s from 

i 
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the centre of tlie producer so that the coal is deposited in concentric rings 
on to the fuel bed below and levelled off by the poker. The main shaft 
and gearing are supported by a steel framework securely braced to the top 
of the producer, which consists of a flanged steel water-cooled casting form¬ 
ing a water seal at the outer circumference of the producer cover. These 
producers are usually driven by a ,1; h.p. motor. 

Under average conditions, these producers are stated to gasify 25 lbs. of 
coal per hour [ler square foot of jiroduccr area ; a ro-feet diameter producer has 

__ a nomin.al capacity of i ton per hour. 

I Six iiieii are required to operate a 

f's battery of 8 ]irodiicers, where the 

T coal is fed into the hoppers from 

a ,., o\c rhead bins. 

, t . [5^ ' i l'ts producer is largely used 111 

X the U.S..\., where it was introduced, 

. •' ^ and gives most satisfactory results. 

■ 'ajgf The Morgan Produced*—The 
m . ■ , ^lOlgan producer is of the grateless 

* boltoiii'type in which the ash stands 

' , • 111 a water-filled ash pan formed as 

. j , a depression nr the foundation. The 

"d ^ I producer itself consists of the usual 

j cylindrical shell lined with firebrick, 
I / supported above tbe foundation by 

J \ •*.'.)»' • ' cast iron columits. h'lg. r<)6 shows a 

\ , • ; sectional view of the arrangement. 

■ i d / i i'e top of the ])rodiicer is covered 

p.. tilled wilh water, through the central 
“ opening in which the feeding apjia- 

_^ iii I I — i' »- latus communicates w'llli the interior. 

Kiu. .96.-TI,oMo,g,mIV,.l>,m,wiil.C.r,.rgc .tpl«taliis known as the 

Auioiii.Uic I'cca. “f’.eoige .Automatic heeding Device 

IS the oiitstaiuliiig fealuic of the pro¬ 
ducer. It consists of an iiiclhied water-iooled feeding spout which is slowly 
rotated under tlie overhead feeding linpper, and in doing so distributes the 
coal evenly over the fuel bed. This feeding device is made gas-tight between 
the top of the producer and the feeding hoppei by means of water seals. 

The working of the producer is controlled at the combustion /one through 
sight holes placed round the producer shell at a height of about 3 feet above 
the water-level in the ash pan, which is the height of tlie ashes in the |iroducer. 
The amount of steam used is from 33 to 40 per cent, of the weight of the coal 
gasified. Working on bituminous coal coiitaining about 10 per cent, ash and 
1 [ler cent, sulphur, this producer is constructed to gasify about 10 lbs. of coal 
per hour per square foot of producer area. Tins may be increased to la or 15 
lbs. per square foot per hour when using gas coal witli high percentage ol 
volatile matter and low ash content. 

The following are standard si/es and capacities of the Morgan producer 


Diam. inside 

Area of gas- 

24-liour tajiacity 

Diani. of 

fuubtick lininc. 

making surface. 

w itli gout! boal. 

oiillct. 

6^ 0*’ 

28 sq. ft. 

, 4 Ions 

20" 

8' 0" 

50 - 

7 M 

2f 

10' 0" 

785 ■ 

10 „ 

33" 

12' 0" 

113 >■ 

*5 .* 

40" 
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The* abo\f cajiaritics ujxui ihc kind of coal used. ’\'\u' f<>lli>\ving 

&n 4 l)sis of t;.iv was obtatncvi un*lcr orilii5.u\ >*(nkui^ r\>rHijnoos from the Morgan 
gas prixluctT usjOf! lll:ool^ •• N(. K.« nti:« k\ mn oi m:r3c t o.»l 


\ I. v ' <. .il An \ itf (; ,< 


Fixed earhori 


-■ 

S; ' ( \uhon inofiovui,- 

■4 S 

t'olalile ni.Uler 


3 : 


• •; 



5 

. H .IllurllS 

• 

f' .s 

.\sh (with 11 ; , X 


0 

73 . < atl on dK‘\ul*- 

; 7 




^ Owj.;! 1 ) tin • » 

• • 1 




N;ir. i\ . . . 

• • 1 ' ' 

For working tin- 

'rodii. ( 

r, th 

1 ' 'How nut I d oi'r is 11 <1 

1 -., 0 ,:|, 

Ih.int oi 2 1 1 . 

ilnct ts 

1 . 

t^ 111.ID .IIkI I 1 tl'i Mh t < l 

1 ill fim-i. 

• 1 % 

t ‘ ’ 


i 

,, 1 ., 

.. ; l.il'oun IN, 


Kor r I'lan;- 

ill .ti'< 

it 11 ii 

tt* th' .« r iin 11 , inK- i.il oiitt 

1 “■ n I ^11111 il 

ever) thtt «• j ro»lu< « 

.m<! 


.inIi m.in !■ j < \< ! \ MX [iiotit.i 

. IN II' il 

lal)oiir ^!o<^ not nu 

luh til 

It IK 

« « N'-.tiy loi i.nli i.'i t • lit. . I 

ti houi ti" « 

which i!r| mis t nlirt. 

1 ) iii-ti 

pK 

.ul iti; ( uihiilioii- .it tlK uoik- 




Flo. 197.—.Morg'ti i'lu'lufi r Willi Koiaiitif^ .in<l < <<'-r;;' AuI'MiiiIm I'\c 1 . 

Fig. 197 shows the lalcst of Nforgan [irodiic.r (itlfd with totaling 
grate. , 

The Talbot Producer. -The Talliot |iro(I"'ir, ilIustraiMl m Fig 19S. 
retains the well-known featiiri-s of the okl Ijim; oI produeers with fixed grate, 
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but introduces a stirrer or rotary jxrker for maintaining a fuel bed of uniform 
level and density, and assisting the ashes in their descent. The stirrer is in the 
form of a crank, and rotates slowly with an up and down movement about its 
vertical arm or spindle which enters the top of the producer. The spindle and 
stirrer arm are water-cooled steel castings. It is stated that 28 to 30 tons of 
hituminoiis Durham coal can he gasified per 24 hours in a producer of this type 
10 feet-ri inches diameter, giving good ipiality gas. 




The Taylor Producer. - The Taylor producer, or, as it is often called, the 
“Wood producer,” has as its distinctive feature a rot.iry ash table. Fig. ipp 
shows the arrangriiient adopted. The ashes fall on to a II,it plate rotated by 
means of gearing, and from tjiis grate the ashes fail into the fiiimel-shaired 
bottom of the iiroducer, in which they are collected ]irevious to being dischaiged 
through a sliding door into waggons helovv. I'liis producer is understood to be 
the first to he fitted with a mechanical grate. 

CuNTlM'IMWI, G.y.S I’KODUri'.RS 

The Goliath Producer,—This producer is designed foi large cajiacities, and 
Its arriingement will he .seen from the sectional elevation shown in Fig. 200. 
(.Irigin.illy it w.is designed with the lower iiorlion of the shell made to rotate 
in an opposite diiection to the rotating grate, each jiortion being lilted with 
breaker knives for loosening the ashes and the coal and producing good ijuality 
gas rapidly. This design has, however, been modified, and the latest type is 
that shown in Fig. 200. It consists essentially of a cylindiical shell lined 
with firebricks, and at the bottom is an extension made of strong segment 
plates to withstand the crushing action on the clinker. The grate basin carries 
the grate body, which consists of a number of single tings provided with breaker 
knives and i number of openings through which the air and steam pass to the 
fuel bed. This grate basin is motof driven, and is rotated by means of a worm 
and wormwhecl operated by a friction wheel and angle lever. The shell, 
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carried by four columns, is supported over tlie grate basin, and leakage of gas 
prevented by the water seal prosided. 'the top of the producer is eosered 
with a plate, in the centre of which is placed the feeding ho[ipi r, and round 
which are situated jioking holes, ’riicse latter are fitted with steam seals to 
prevent gas from escaping when poking is being earned on. The air .iiui steam 
enter through a tube beneath the grate support, which conduct.s the air under 



the grate, from whieli it passes to the fuel bed through the Imb s in the east iron 
grate rings. 

'lju‘ [iroduror is worked uivler an air pressure of 4 to 0 inehrs w.g. with 
steam injected as rcfjuired 'The pressure of gas at the outlet is aliout i to 

inches w g. the grate I)asin makes about 4 to 5 re\c>lutii)iis per 2\ hours, 
rokiuinng about 2 li.p. lor its rotation. v^cro*rding to the nature of the coal 
used the height of the fuel bed in the producer shaft is from 36 to 
44 inches. 

A producer of tliis type 8 feet 6 im [les inside diameter, working with 
I'mglish and Westjihahan ro.tls m e'[ual proportions, the formi 1 a rough non¬ 
caking coal giving about 10 pi r cent, loose ashes, and the latter (taki;n*from ihi; 
Dorslfcld mine) a caking I'oal with 7 to 10 per cent aslies, h.tsa capacity of about 
25 tons per 24 hours ! he following is an average analysis ol gas prodiKtxl 
during a period of one month in one ol these [jiodiuers installed af a steel 
works m (lermany working on*llie above fuels.* 

CO.j (O H Hydrocarbons V 

% 29 5 ‘ho 1 <86 'ho 55 % 

The cost of this si/e of producer completely nnuinted, creeled, and lined 
with firebrick, hut without motor or other power Iransmissuui, working platform 
or foundations, is approximatelji ^800. Assuming normal eomlitions, the cost 
of producer completely connected up to power, air, and steam st^^f[ily, gas flue, 
and with working platform an<I foundatioifs would he approximat* ly ^1200. 

1 his producer will supply a 40 to 50 ton open-hearth furnace producing 
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14 to 15 heats per week (I'.c, about 675 tons of steel), using normal pig and scrap 
charges. , 

The Hilger Producer.—This producer, illustrated in Tie. 201, consists of a 



I 

Fig. 2ot.—The Hilger Producer, 


cylindrical shell lined with firebricks,covered at the top and fitted with a double 
closing feeding hopper. The lower portion consists of a pan-shaped hearth 
rotated by means of worm gearing. On the hearth is fitted the grate, consisting 
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of two portions, the upper portion forming with the lower, a star shaped down¬ 
ward-pointing opening which distributes; the blast over the whole cross- 


sectional area of the producer. 'I'hc 
hearth is rotated alternately forwards 
and backwards by means of a ratchet 
gear, giving a “ pdgrim's step” move¬ 
ment. The amount of the forward 
and backward movements can be 
regulated, and the amount of ash 
thrown out altered to suit the kind of 
coat used. Fig, 202 shows a detail 
arrangement of this rotating gear. 
'I'hc feeding hopper illustrated in Fig. 
203 Is so arranged that if the couiiter- 
|)oise weight of the cone is lifted gently 
when the hopperMs charged, the fuel 
falls into the middle of the |>rodu<'er 
.as shown at “u,” whilst if the couim’r- 
poise is lifted (piickly the fu«l is throw 
interior as at " l>.” 'I'lie height of the li 
and .(o inches. 

The following data refer to parlici 
ducers fitted with revolving grates, each 
supplying g,i.s to a 55-ton open-hearth li 



Kte. 202.—The llilgcr IVodiu, r llelails of 
<i\"i It 111^ (it.u. 


■n tow.iids the outside ol the producer 
lel coUiiiin IS maintained at between 31 

liars of tests made on two Ililger pro- 
H feet 6 inches inside diameter, used for 
irnace at the works ol Dorman, Fong ik 



Co,, I.td., Middlesbrough. Duration of test; 12 working days, (mal used: 
8 classes of F.nghsh coal from the Durham i^listrict --Kaiidolf coal, Tambton 
coal, Flordcn coal, .Manisfortti < oal, Wheldale nut co:d, (,ordon house co.al, 
Tnmdon Grange coal, and Chilton coal. The average- composition of the 


above is:— 

Fixed carbon. 51 7 - e 

Volatile matter..i.i o 

Moisture. 2 .S "r, 

Sulphur . 2-3 ';'o 


Total carbon in coal, 75 per cent. Weat value of coal, 13,080 li.lh.U.s 
per lb. 
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The average of 40 analyses of gas taken during the test was — 

Total combustible 

CO, CO II CH. N matter 

r.; % 30-0 % 10-4 % 2-9 % 54-4 % 43-2 % 

The analysis of the ashes gave 93 per cent, ash and moisture, and 6'5 per cent, 
combustilile matter, equivalent to 07 per cent, loss of combustible matter in the 
original fuel, 

Sixty-four cubic feet of gas was obtained per lb. of coal, having a calorific 
value of 186 li.'I'h.U.’s per cubic foot. 'The temperature of the gas at the outlet 
of the producer was 625" C. and the gas pressure in the flue 2^ to 3^ inches w.g. 
The coal consumption per ton of steel produced was 464 lbs. 

The approximate cost of one llilger \)roducer, 8 feet 6 inches inside diameter, 
is /,65 o, or, including lining and erection, foundations, working platform, air, 
sleam, a^'d gas piping and valves, with coal bunker, ^900 to _/Ciooo according 
to conditions. The working costs of the producer arc governed by the 
following:— ' 

Vower consumption of fan for air . . . „ 4 to 5 I'-P- ) per producer 

„ „ for lolation of grate 07 to 07 h.p. ‘ ig/,» .u.™ 

Steam ,, 25 by weight of fuel gasified ) 

Two producer men are reipiircd to work a battery of 3 producers per 12-hour 
shift, assuming that the coal is fed into the hoppers from overhead bins. 

The Kerpely Producer. -The Kerpely producer, illustrated .11 Fig. 204, 
has a grate of the revolving type, consisting pf a single cone fixed eccentrically 



h 10 204 —The Kcrprly Ttcluccr. 


with the producer shell and provided with a flat top. This cone consists of a 
number of plates through which air iS delivered to the producer and dispersed 
over the luel bed. Tlie ashes which accumulate in the water-copied trough 
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are automatically discharged hy an adjustable fixed scraper as the trough 
rotates. • 

The grate is revolved at a speed of aho’ut i revolution every aj to y hours, 
requiring approximately a h.p. for driving it. The number of men rci|uited to 
work these producers varies consider.tbly, according to the el.i.ss of coal being 
gasified. In some cases where highly coking fuel is used, one man per shift is 
required for each producer. In one rase where free luirniiig fuel is used, two 
men only are employed per shift on a battery of S piodiirers tc|uip|K‘d wtth over¬ 
head feed for the hoppers and mechanical ash delivery. In another ease, a 
battery of aa jiroducers fitted with lioppers fed from bunkers and over¬ 
head cranes, and where ash is also removed by the same cranes, there are 
employed 

1 foreman.> 

a chargers. , f 

2 crane drivers . . .1 1'''^ 

r labourer to clean and lubricate driving iiiacliniery 

This plant gasifies 380 tons of coal'iier 2 ‘hours. 

The Rehmann Producer.•-'I'lie Rehm.inn prodiic’er, shown m fig. aos, is 
similar to the Kerpely, but differs m respect to tin. c oiistriiction ol the grate. 



The grate of the Rehmann producer consists of several cones, fvhloh tend to 
loosen the mass of coal during its downvfard mnveiin.rit. I'lie grate is of the 
revolving type, and air is adir.itted through covered openings in the cones, each 
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cone being supplied with air by a separate pipe. The lower part of the 
producer casing consists of cast irpn removable segments to facilitate repairs 
and cleaning. 

Rehmann producers are made in sizes varying from 6 to 10 feet inside 
diameter, the largest size having a capacity of 12 to 22 tons of nut coai per 24 
hours. Tile foiiowing are two average anaiyses of gas produced from coal the 
analyses of wliicli are given;— 


Analysis of Coal. 


C.6,v67% 

(1) Volatile matter . 2.S-67 % 1 
.\sh .... (i'37 % 

ll.,0 .... rip % 


Analysis of '"las. 
COi . . . 3-25 
CO' . . 287 

II . . . . 87 


% 

% 

0 / 


Test on liriijuettes of lirown coal from Grehlwerk :— 


Analy>i-s of Coal. 

C . . . . 37 ' 2 p % 

( 2 ) Volatile matter . 5 o' 2 o 
Ash .... 5-39 

Iho .... 12-51 % 


Anal) MS of Cas. 
Oh ■ • .. ,V2% 

O) ■ . 30-6 % 

11 . . . .11-2 7 o 



The S.F.H. Producer.—The S.F.H. producer, 
which is being developed on the Continent, was intro¬ 
duced by Sepulchre, Fichct, and lleurtey, and is a 
return to the principle of the Kbclmann producer. 
As will be seen from the sectional elevation shown in 
Fig, 206, the producer resembles a charcoal blast 
furnace, and consists of a shell lined with firebrick 
with a solid hearth, which acts as a receiver for 
molten slag formed during working. Two tapping 
holes situated opposite one another, just above the 
bottom of the hearth, serve for the removal of the 
slag, and situated above is a row of water-cooled 
tuyeres three to six in number, connected with a 
blast main which encircles the producer. The coal 
fed into the producer is mixed with limestone, sand, 
or yraiuilated blast furnace slag for the purpose of 
luiuifying the .ash and producing, under the influence 
of the air bl.ast, a molten slag which is tapped from 
the producer every one or two hours. No steam is 
uscci with the air blast, which is su])plicd to the pro¬ 
ducer at a pressure of from j to 2) lbs. per square 
inch. Consequently the hydrogen content m the 
gas produced is low, as will be seen from the 
following t.able:— 


'AllI.lC LW.XIII® 


An 

\IYSKS Ol' G\S I'KoimCH' IN lUK 

S K.ll. Troducf 

R 


1 iy;nitc. 

Blown coal. 

Coal 

Coke bri>iuetles. 

CO. 

29-5 

2Sj 

31-0 

27-9 

II. 

0-7 


60 

1 2 

CH, . 

3'2 

75 

6-5 

2'0 

CO, . 

2-5 

1 >0 

ro 

r6 

N. 

58-1 

55 > 

550 

(‘Ti 
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The gasifying capacity of this producer is given as 175 to a30 ll)s. of coal 
per square foot of grate area per hour, aiitj it is claiined that a producer only 
4 feet diameter inside the brickwork will gasify 34 tons of average (juality coal 
every 34 hours. The rapid working of the producer has its ell'ect on the brick¬ 
work lining in the hearth portion, which requires to he renewed every 3 months. 
The shaft portion of the brickwork is expected to last for several )ears. 


• Co.ST OF G.\S I’KODUCING 

The following costs have been yrepared from p.iiticiilars of several 
producers, represeiUattve of the leading types, and have been based on a 
producer plant supi>lying g.as to a 60-ton o|)en-hearth furnace woikiiig with cold 
pig and scrap charges, producing 13 heats [ler week. Output of lurii.ice there¬ 
fore equals 780 fons weekly. 

Cost of Producer Plant. -Two .S feet 6 niches diameter [irodiii ers of seveial 
makes would supply soflicient gas for the above, and the cost of the iil.iiit 
erected and set to work would be approviiiiatr ly /,!ooo. rins ligiiie does 
not include overhead storage bills for the <o.il, or iin chaiiii .il luiidliiig 
plant. * 

Allowing to per cent, for depreciation and 5 per cent, for intciest, the 
annual charge on £2000 = £^00. .\ssuiiiuig that the |iroduiir plant is 
worked for 48 weeks [Xir year sup]ilying gas, the output of the luin.ice pl.int 
supplied 111 that time would be 7.S0 x (S = 37,} (o tons of liquid steel. 

Charge for ileiireciation and interest on pioducer plant [ler ton of liipitd 
300 X 240 

steel = = 2'/. * 

37.-100 

Coat of Fuel. — Faking an aierage of 5 cwt of coal per ton of liquid steel 
tapped from furnace, and assuinnig the coal to cost <Sr. per ton delivi red at 
the plant, the cost of fuel [ler ton of liquid steel = X 8 = 21. 

Coat of Labour. —.\ssuniing nornial londitions and on the uiideistanding 
that the coal is fed into the jiroducer hoppers by hand, one gas man and 
one labourer ]icr 12-hour shift could do all the necessary work. 'I he weekly 
wages paid to both night and day shift men aniount to 131. Adding 
50 per cent, for management expenses, the cost of labour on the protlucer 
plant per ton of liquid steel produced * 

£’^ iqr. -I- £2 16). 6</. _^£fi ')!■ b//. _ 

- ■ ‘ 780 “ “ 780 “ 

Coat of Repairs, Power, Steam, Stores, etc. -These items are .all small, and 
the total cost taken over a period should not exceed about 2\,l. per ton of 
liquid steel. 

Summary of Coats 


Depreciation anfl interest on plant . . . ■ 

Cost of fuel. . . . . 

Cost of labour. . . , 

Cost of repatrs, power, steam, stores, etc. . 

,s production per ton of liquid steel 


d. 

2 


^4 


Cost of gas 

Or, excluding the cost of fuel, the cost incurred in producing gao= 71/. per ton 
The cost of the producer plant docs not influence considerably the cost of 
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the steel produced. It is, therefore, advisable before installing plant to ensure 
that the most economical and efficient producer is adojUed, since a saving in 
the coal bill (which is by far the largest item of cost) often more than 
com|K:nsates for the increased cost of plant. 

Cost of Qas Producing in Large Open-hearth Plant.—Where a battery of 
gas producers is insUlled to work in conjunction with several open-hearth 
furnaces, it often pays to instal a complete coal-handling plant, so that the 
labour rctpiired to work the producers may be reduced to a minimum. A 
typical plant is described and illustrated on p. 327. The increased cost of the 
plant wdl he more than compensated fcir by the saving in labour effected. 

Taking the charge for depreciation and interest on a large plant equipped 
with coal handling to he 2.L/. [xir ton of steel produced, and the fuel con¬ 
sumption at 5 cwts. of coal per ton of steel (which with coal at 8 j. per ton 
= 2S.), the cost of lahour in working the producer [ilant is equivalent to from 
j</. to III. per ton of steel, and the cost of rcqiairs, power, steam, stores, etc. 
= 2y/. per ton. 

.'. Cost of gas prodif.'ing per ton of liquid steel = 2(. Oi/., or a saving of id. 
per ton of steel hy inst.ilhng mechanifal hai/Jling jilant. 

Cost of Gas Producing in Small Open-heartl> Plant. - Naturally the cost of 
])rodu( mg gas for a small open hearth plant is considerably greater than for a 
large |)hint. Not only is the cost of labour jier ton increased ; the fuel required 
to produce i ton of steel is increased as well. In the rase of a lo-ton open- 
hearth furnace (where the outlay on the gas iirodtirer pl.int with accessories is 
from Xdoo fo /.yoo), allowing for a coal consum|)tion of 9 cwu. per ton of 
steel jirodiiccd and with coal at los per ton, the cost of g.ts producing per ton 
of liquid steel = §s. (id. to 6r. * 


TiiI'.ory Of Ga.s Producing 

Theoretically the most economical method of utilising the heat in co.al is 
by direct firing. Unforlun.ately, the heat energy contained in coal is not all 
inqiarted to the material m the direct-fired furn.ace, and generally the process 
IS much less economical than when gas, previously generated from coal in a 
producer, is employed. Moreover, gas firing has several distinct advantages 
over direct coal firing, inasmveh as gas-fired furnaces can be more cas ly 
controlled, and the flame can he made more or less oxidising as re<|uired. 
But, more important still, direct coal tiring is impracticable in open-hearth 
furnace pr.ictice. 'I'his is the reason why Siemens’, when developing their oix*n- 
hcarth furnace, inliodiiced at the same time a coinmercual type of gas producer, 
since g.i,seous fuel, burnt in the furnace with air, enabled them to obtain the 
required temperature with the aid of regeneration. 

Reactions in Gas Producers.—The working of a gas producer depends upon 
the passage of air or air and steam through a mass of incandescent fuel. This 
first results in the proihiction of.carbon dioxide ^COj), caused by the combina¬ 
tion of the oxygen in the air blast with the carbon in the fuel, and as this passes 
up through the iiicandescent coal, the CO-j is conveited into carbon monoxide 
(CO) by further combination with more carbon. If steam is used with the air, 
additional reactions take pl.ace, resulting in the splitting up of the steam (HoO) 
into hydrogen and oxygen. Some of the hydrogen combines with carbon to 
form hydrocarbons, and the remainder passes off w ith the gases as hydrogen gas. 
The oxygen set free by the breaking up of the .steam, unites with the carbon to 
form CO2 and finally (.'() 111 passing through the fuel. 'I'he nitrogen from the 
air whuh is set free mixes with the carbon monoxide and hydrogen, and passes 
out as an inert gas to the furnace. The volatile matter and moisture contained 
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in the coal are diiven offlrefore the fuel readies tlie iiicandeseent rone and nii\ 
with the other gases, wliilc the ashes anij some of the siilphui uorl, down 
through the producer and are withdiawn at the I'oUoin in the term ol a'lies and 
clinker. 

Sonic of tlic sulphur contained in the eo.il jus'es out wilh the gas, and 
thence to the furnace. Since this is a most oliieetmn.ihle i h nunt in ihe steel, 
care should be t.ikeii that the luel used is as lue as pos.,ihie lioni sulphui In 
some cases lime,is added with the co.d m the pioducei in onli-r to in.ike'.i inoie 
fusible clinker, which will carry down with it .is much sulphui .is pioMhle. 

The use of air without steam in the,piodueer gives use to umh Mi.ihli high 
temperatures, besides increasing the .unount ol duiker It is, tin u fong lound 
necessary to introduce a steam jet with the ,iir When milum hiiins to ( (>• the 
reaction is exothermic, ;.c. heat is tvolveil, .iml when ('(I ■ is lonnited to ( () 
the action is endothermic, r c. heat is ahsoilml. In the Inst case i Ih i>| (.iihoii 
burnt to COj evolves 1.1,500 K.Th I’.’s, and when this i|u,intii\ ol ( (thus 
formed combines with moie carbon to foim ( () lo.ouo l>. I li I s .in .ilooihed. 
Thus 4410 l!.Tli.ir.’.s are given otf as lual to ilu liiek It this .11 non wire to 
continue heat would accumulate in'thi pifKliuei too r.ipnlly to be ihssip.iti d by 
radiation and other losses, and the pioiliu i r would i oiisei|ui inly h. om ilie.iteil. 
To maintain the lempcralure to a blight nil heat .uid dimmish tlie i|u.iMtily of 
nitrogen which must of necessity be earned 111 with the .nr, sti.iui is blown m 
with the air. 'I'lic breaking up of steam into its <oinpom tils, hvdioiu 11 ,ind 
oxygen, takes u|) heat from the im .indesceiit tin I, and i.iie mii-.t In evinised 
not to inlioducc loo large a quantily ol steam 01 the tempi i.itiiie w ill he lediici d 
below working limits. The .unount ol steam intioduced into prodiii 11s winked 
without recovery of ammoni.i is .^bout 35 |ier cent, ol the wi ight ol the liiel 
gasified, and the weight of air about fotii Inms the weight ol fin I g.isiiird. 

Efficiency of Gas Producers.- This c.ni be hi st evpn ssi d ,is the i.iiio of the 
heat units coni,lined in the gas gener.ited in the proihn er to tin Inal units 
contained m Ihe coal used for g.isilication. ( bo the l.Uti r must ,dso he .idded 
the heat units m the steam, if steam is blown in with the air./ I he losses m 
producers may he classified as follows;— 

(1) Loss of sensible heat m gases. 

(2) Heat lost by r.ulialion from producer. 

(3/ Heat earned aw.iy by ashes and nneoir^imed carbon 111 ashi s. 

With the object of i becking the working ol gas prodiiceis sevi nil dill'crent 
types ol apparatus have been devised, which, when applied, will mdic.ite 111 one 
way or another the efiieieiicy of the gas-producing |ilant. rei order of 

the registering type will give a conliiiuous*record of the pi-nintagi of l '(l. in 
the producer g.is, and since the pnseiice of CO.,; indicati s citlu 1 the lnirniiig of 
CO in the producer or the mi omiilete prodm tion of ( O, .1 nuasure of the 
efficiency from this st,uid])Oint can he obtained. Similarly, a nioiding pyro¬ 
meter placed near the outlet will indicate the temi<er.iture of the g.is .yid show 
if the producers are being yiperateil pro|)e'Jy. Further, an autoiii.itic and 
continuous register may be taken of the c.donfic value' of tin- g.is produced. 
Fig. 207 IS a reproduction of a chart taken from a lli asley’s r. loidmg gas 
calorimeter installed 111 connection with .1 Wilson g.is |irodnrrr plant showing a 
one day’s run. Apparatus such as this affords valuable indications of the 
efficiency of the producer plant. In addition to tin se .itiioni.ilicjlly and 
continuously recorded tests, the quality of the gas and cllu lency ol the producer 
plant may be obtained by analyses, which, howivcr, nenssitalis taking samples 
of the gas systematically and having them analysed If .^nalysls^af g.as is done 
in conjunction with a systematic analysii/ of tin coal used and the ashes jiro- 
duced, an accurate record of the efficiency of tlie jiroduccr jilant is obtained. 
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the cost of obtaining which would be found in most cases to be more than 
counterbalanced by the economy efijcted in working. 

b'or complete determinations of producer efficient ies reference should be 
made to standard text-books on fuels and metallurgy, and to an interesting 
paper on “The efficiencies of gas producers," by Mr. C. F. Jenkin.* In Mr. 



207.—Chiiit silowin;; CaloTil^c Value of (.las. 

Jenkin’s paper a formula is given by the aid of which the efficiency of a gas 
producer can lie determined. 

If M = the heat of combustion of the gas [ler kilogram of carbon contained 
in it. 

K =: the ])roportion of carbon contained in the coal. 

(1 - ■ the pro[)(irtion of carbon which is made into gas. 

II — the heat of combustion of i kilogram of coal. 

'I'lien cold gas efficiency = ^ 

The author calls “ M” the “ Figure of Merit" of the gas, and gives typic.al 
calculations for obtaining the value of .M. When the gas from the producer is 
used “hot," the above efficiency is converted into a “hot-gas efficiency "as 
follows ;— 

Hot gas efficiency 

Sensible heat per cubic metre of the gas \ 
Calorific [lower of the gas / 

The sensible beat [ler cubic metre of gas = l(tem|)erature of gas — tempera¬ 
ture of atmosphere) x the “volumetric specific heat” of the gasj. The volu¬ 
metric S[iecific heat of [iroducer g.as is usually betwen o' 5t and o'33. Since gas 
from a [iroducer working under good conditions -s usually at a tem[ierature of 
about 650" ('. (woo’ F.), the hot gas efficiency of a producer is about t2 to 14 
per cent, higher than the cold gas efficiency. 

The most accurate way to determine the efficiency of a producer would be 
to measure the quantity of gas made from a known weight of coal and burn 
samples of the gas and coal in a calorimeter. The efficiency would then be 
given as— 

Calorific value of gas per c. ft. X No. of c. ft. of gas produced per lb. of coal 
Calorific value of coal per lb. -f heat pnit into producer by steam per lb. of coal 
‘ “ t’rocmliinjs liistiluUon of Civil tngincers," vol. cxxiii, [ip. 328-351. 


= (cold gas efficiency) x I i + 
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The amount of gas produced can be measured by means of a Venturi or 
other type of meter, or it may be determirK|] by calculation from the analysis 
of the gas. ^ 

Taking the calorific value of the coal at 13080 ll.Tli l'.\ per lb , die beat put 
into the producer per lb. of coal = 13,0.80 + the bcai value of ilie steam used 
per lb. Assuming that 33 [ler cent, by weight of steam is adiled jn'r lb. of coal, 
and that the steam contains 1155 - b2 = 1093 H.'lh.f's jar lb, the beat 
imparted to the producer by the steam = x 1093 = 3(>o-7 1 ! Th.lb's’per lb, 
of coal. 

Total heat put into producer = 13^80 + 360-7 = r3, | (i It. rii.U's per lb. 
of coal. 

Assuming that 55 cubic feet of gas are produied pn lb of coal, and the 
calorific value of the coal gas = 1.S6 It.Th.U’s per <ubic fool, the heat uml.s m 
the gas given off from i lb. of coal = 55 x 186 = 10..’30 It.Th.U’s. 

Cold gas efficiency of producer = = 76 per cent. 

The “hot gas’’ efficiency of tiie (irodiicer, which is ai liially the real 
efficiency of the producer, siiue it takes into account *lie sensible beat of the 
gas, is determined by adding to the avaft.ible beat units 111 tlu i old gas the 
sensible beat. Assuming tlic*gas to leave the prodin er at 1200 b., then the 
sensible heat per lb. of gas = (1200 — 62) \ specific heat of g.is, which we will 
assume = o 33. 

.’. Sensible beat = 113.S x 0-33 = ;75 3 It.'l b U's per lb of gas. 

I lb. of the gas under consideiation would ^ about 1 j 5 ciibii leet at 62 ’ K , 


sensible hhat in gas per cubic foot (n-feired to 62 !•' ) 

(1.86 + 26) X 55 


,i7Vs 

> •( 5 


26 I! 'l li.U.’s 


Hot gas efficiency of producer - .. '' - .87 per i cut. 

i.Uft 

Blast-Furnace and Coke-Oven Gas. Up to the present time, bl.i-.i-furnace 
and coke-oven gases have not lieeii utilised to a great evlenl for melting 
purposes in open-hearth fmnaces. IvvpenmeiUs have, how'rvir, been made 
Irom time to lime with a view to ibcir adoiition m place of piodiicer gas; and 
wheieas some works report failure, others appe.ir to be larrying out the experi¬ 
ments with success. It woiiUl seem that either gas used alone is not suitable, 
and experience obtained m the trials points to the adv isalulily ol mixing the 
gases either together or witli producer gas. • 

Experiments carried out at the Friedricli-Willii Imsliulte at Mullnim Ruhr' 
show that although it is possible to use blast furnace gas alone, the |)rocess of 
steel making takes more time than when producer gas is used. Conscipiently 
coke-oven and hlast-furnace gases are mixcM, usually m the piopottum of 1:4 
The mixing of the gases takes place before they enter the distnhutiag valve. 
These experiments have been tried on two ai id oiien-hearth furn.u es of ra and 
15 tons capacity respectively. 

At the works of Huhertiishutte,^ coke-oven gas has been used f/r ofien- 
hearth furnace practice with siccess. It is stafed, howeve r, that the diirahility 
of the furnace roof and linings has (iinmiished 8 to 10 per cent., but the ilu cker 
work in the regenerators lasts 40 to 60 per cent, longer. 

Natural Gas.—Natural gas has been m use in the United .States since 1884 
for open-hearth furnaces as well as for heating and ligliting pur|)osi s. It has 
also been adopted to a considerable extent in gas-lired criieible stei 1 furnaces. 
The large resources so long drawn upon, give evidence of suji|)lying the increas¬ 
ing demand for many years to eome, and with the opening up of new oilfields. 


' “Stahl und Eisen,” vol. pp. 1295-1301. 

* *' Iron and Coal Trades Review-," vul, 80, p 123. 
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new resources of gas supply become available, natural gas usually existing in 
the vicinity of oilfields. The gas, which issues from the earth at varying pres¬ 
sures up to about 200 lbs. per square inch, facilitates its distribution, being 
carried in piiw lines for great distances from its source to the steelworlu. ’ As 
an instance of the quantities available, it may be stated that in igofi the produc¬ 
tion of natural gas in the U.S.A* was 388,842,562,000 cubic feet, measured at 
atmospheric pressure, its estimated value being ;^9,765,402. The gas is 
deliverfd at the works in the Pittsburg district for 6 d. to per 1000 cubic feet 
(1922 prices). 

A typical analysis of Pittsburg Natural Gas is given below “:— 


Methane marsh gas . . 

• • 67-0% 

Hydrogen. 

. . 22-0% 

Ethane (CjH„) . . . 

• ■ S'o % 

Ethylene (C^H,) . . , 

. . r-o % 

Carhon monoxide . . 

. . 0-6 % 

Carbon dioxide . . . 

■ . 0-6 % 

Nilrogen . 

. • 3-8 % 


Many steelworks in the U.S.A. have their bqttcrics of producers standing 
idle for considerable periods, and only put them into use. wlien the supply of 
natural gas fails, or the price is raised above that at which producer gas can be 
made. 

The relative values of producer gas and natural gas are given below. The 
heat value of t lb. of average Pittsburg coal is given by the Morgan Construc¬ 
tion Co. as equal to that contained in about laj cubic feet of natural gas obtain¬ 
able in the same district. Allowing for a producer cold gas efficiency of 76 per 
cent., the gas jiroduced from r lb. of coal is equivalent to 9 5 cubic feet of 
natural gas, assuming that both gases can be utilised with equal economy in the 
furnace. Taking the cost of laliour, maintenence, depreciation, etc., on a gas 
producer plant at ir. id. per ton of coal gasified, the following figures give the 
corresponding costs of coal and natural gas. 


Cost of coal pert 
ton . . . 1 

Equivalent cost of 
natural gas \)cr 
1000 cubic feet 


3 ^- 


2'30<f. 


4r. 5r. 6 s. p. 

3'43"'- 3'99"'- 4'5<''f. 


8 s. gs. tor. 
5'r2i/. S'fiqi/. 6 ' 25 i/. 


That is, when the price of 1000 cubic feet of natural gas exceeds yggd. and 
coal per ton remains at 6r., it is cheaper to use coal as far as fuel is concerned. 

In Canada, large supplies of ga^ are being discovered and utilised for power 
and lighting purposes, and with the development of the steel industry in that 
country, natural gas will no doubt be of great service. 

In the Russian oilfield areas, natural gas abounds, but its use in the steel 
industry* must necessarily bo a restricted one owing to the smallness of that 
country's output of steel. An analysis of natural gas at Bibi-Eibat, Russia, is 


Depth of bore 
hole—2106 lect. 

CO2. 3 ’^ "0 

Heavy hydrocarbons .i’2 % 

O.70 % 

Methane. 54 '® “/- 

* H. 13-6 % 

N.J.20'4 % 


* ** Engineering, ’ vol. 85, p. 32. * Brislee, “Industiial CbeoaisUy,” p. 140* 
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The apparent lack of natural supplies of gas in this country demands all the 
more attention to the development and |)erftjting of the gas producer, and the 
complete utilisation of gases from blast furnaces and coke ovens, in order that 
British manufacturers may be jilaced in a position to meet the com|)etition of 
more favoured countries. That natural gas docs exist in England is proved by 
Its discovery at Heathficld, Sussex, where it is obtained at a pressure of aoo lbs. 
[ler square inch.' .As long ago as 1887, natural gas was being used for boiler 
firing at the llebburn Colliery near Newcastle,'but whether these are tfimply 
isolated c.rses or an indication ot the presence of valuable supplies m tins 
country, has still to be determined. 

Water Gas. — The experiinents which* have been made with w.iter gas for 
melting in 0])eii lu arth furnaces do not appear to l.ivour the .idoptioii of water 
gas plants. The 1 tellwik-l'kisehor watei gas plant, which lias come to the Iront 
during recent years, gives a gas of the tullowiiig arciage composition : 

H. V) "a 

( 0 . . . go 'lo 

<0. . 5 • 

Melhane . . 07 

Nftiogiii . . fc; 

An English fiim is staled ' to baxi' used a mixed wati 1 gas for sti’cl luellmg 
purposes with good results, and Nyilgxist and Holm, Tiollh.itlan, Sweden, hare 

been rvorkmg two furti.iccs of 5 and .8 tons capaiUy salislactorily with Dellwik- 

Fleischer gas. The chiet objection to water gas is the intense In at developed 
by its combustion, and the consequently more rapid di struction ol the fuinace 
lining. * 

The ordinary producer gas still maintains its prianier iiosition as the source 
of heat for oprn-hearih furnace working, and until some distiiu I ciononiy or 
advantage is shown by other forms of gas or methods of healing, tin gas pro¬ 
ducer is not likely to suffer much serious rivalry. 

' “Jt iiri.al Iron and Slid IrisiiUitf,” 19*)^, M, |i. 5}:^) 

* “ J<i\ii 11 il W< Nt tij .Scull,in.I Inm and Sltt I lii'iiiiiti k.'I I, p 117. 

^ “ Si ihl uikMum n,” vol. i>i). I iSl I lisy and I22J iijS. 
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ARRANGEMENT OF LARGE OFEN-HEARTH FURNACE PLANTS 
IN STEELWORKS 


'I'liKUK are certain deterniinitt^' factors wliich naturally suggest and often compel 
a definite arrangement of tlie different parts of a steelworks [ilant. In large open- 
hearth plants steel may be manufactured by any or all of the following methods ;— 

1. Melting and con/erting materials from the cold state into steel in fixed or 

tilting open-hearth furnaces. 

2. Melting and converting iiroportions of cold scrap and liquid iron into 

steel in fixed or tilting open-hearth furnaces. 

t- Converting molten iron into steel in fixed or tilting furn.ices. 

q. Refining molten metal (partially converted to steel by other means) in 

fi,xed or tilting furn.aces. 

5. Partially converting iron to steel in fixed or tilting open-heatth furnaces, 

and afterwards refining in electric ](urnaces. 

Thetefore, the process or method of manufacture to be conducted determines 
in some degree the kind of plant re<iuired and its arrangement. In the case of 
method (i) there is no necessity to have a blast furnace or jiig-iron mixer, but in 
working the other processes the pig iron must be t.aken either direct from the 
blast furnace to the open-hearth furnaces or to mixers, and from thence to the 
open-hearth fiirn.ace. 'I'o remelt the [lig iron in cupolas before use in the open- 
hearth furnace is not usual or economical. 

(lenerally considered, the arrangements of plant necessary for producing 
steel by the various ptocesses conducted in tbe oixm-liearth furnace, can be 
reduced to two r 

1. for dealing with materials in the cold state and melting and converting 

them to steel. 

2. For converting and refining materials in the molten state to steel. 

There are other considerations which naturally enter into the design and 

arrangement of steelworks after the method of manufacture has been decided, 
and some of these are : — 

1. The relation of the steel melting and casting buildings to railways and 

vaiious sidings and works track for the supplies of raw materials, and 

to tbe mills to which Oie ingots produced are to be taken. 

2. The relation of the blast furnaces to the mixers. 

3. The relation of the mixers to the open-hearth furnaces. 

4. The means of tiansport of materials from scrap yard to furnaces, from 

blast furn.aces to mixers, and from mixeis to the open-hearth furnaces. 

5 The means of handling the steel produced in the opcn-liearth furnaces, 

and the removal and disposal of slags. 

6. The relation of the fuel supply to the open-hearth furnaces and mixers, 

and the handling of coal and ash at the gas producers. 

In new works, where every opporttinity is given to the engineer to instal the 
best steel-making jilant without any limitations of site or expense, it is a 
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comparatively easy matter to make an efficient lay-out for the particular kinJ of 
proiluct and amount of output required. A |nore difficult problem, however, is 
that of converting old works to new, where the limitations of sile and money 
interfere with the execution of the best rearrangement. 

Open-hearth Plant using Cold Charges. -In America and Germ.tny, where 
the natural resources favouring a greater steel production exceed those of 
England, there is more sco[)e and inducement to develop now and remodel old 
steelworks, with tjje result that steel ran be prodiiceil more rapidly and at less 
cost. Take, for instance, the rate of outjiut on the ( ontinent from fixed open- 
hearth l)a.sic furnaces of from 30 to 40 toiyi rxiparity melting and converting cold 
charges to steel, and compare the output from furnaces of the same nominal 
capacity producing ingots for the same purpose in llritain ; it will be found that 
about double the output IS olilained from the ( ontiiu'iital steel Ininaces. The 
facts are, that on the Continent, 4 heals are usually obtained (and sometimes 5 
heals) per day ol 24 hours from luinaees of the abuse capacity. In Britain, a 
good average nuinlrer is 2 heats per 21 houis. Mr. B. \V. Head stales' that in 
South Wales, where they melt a gnat deal ol snap and woik mostly on the arid 
process, they consider 12 heats jieP \m ek* extremely good winking, and this 
we have conllrnied from otlie* sources. I■'.^en in li.ily, .it the Snhinrgna di 
Savona, where they make tin plates, they get from 4 to 5 heats per d.iy out of 
25-ton lurnaee.s, and the nieehanu al arrangements lor handling the materials are 
not good. 

While the arrangement of works, the f.icihties for handling, removing, and 
charging raw.materials, and the design of fnin.n es, are largely responsible lor 
greater out|iuts, other factors i ontiibiile also to the higliei piodin non of .steel, 
such as hastening the operations ol charging, melting, tapping, slagging, and 
patching the fuin.ace hearth between heats. 

The campaign of a continental furnace is short coni|xarul with that of Biilish 
furnaces, the number of heals obtaineil being from 300 350, but with an instal¬ 
lation of five fuinaces, four can be kept in regular coniniission all the year round, 
one always being under repair by an expert repairing gang kept in const,int 
employment. It is found, tluuefore, more econoniic.il to woik on this pnni iple 
than to keep patching the furnaces weekly for a longer period on eoniniissnin 
on a gradually diminishing output. 

Handling Materials.—'1 he usual arrangeir«iil of the moduli steelworks 
where cold charging is conducted, 1 onsists ol a number of furnaces in one line, 
with the casting shop on one side and the charging plallorm on the other, 
suitable cranes spanning each bay. tin the charging platform, ihaigiiig 
machines suspended from overhead gantrie»such as illustrated in k'K- 01 
machines of the low ground revolving type which run on a broad g.iutf- Irar.k 
on the platform, are used for rapidly filling the furnaces 

In the scrap yards .adjoining the furn.ace building, overhead electric travelling 
cranes with susjxmded magnets empty scrap and pig iron from railway Jriu ks, 
and from the scrap and pig irgn heaps fill tlie»pans, which are (.onveyed on 
trucks to the charging |ilatforms to be handled by tlu’ charging machines. 
Where a large proiiortion of scrap is used in the cli.irges, it is found more 
economical to [lurchase scrap in bundles or to do the Inindliiig in sciaji presses 
in the stock yard. The practice in all countries is much alike 111 this res|iect, 
although the arrangements and conveniences for handling the materials may 
differ. 

Arrangement of Open-hearyi Furnace Plants using Molten Pig Iron 
Charges. —Hurmg recent years, the introduction of iiiollcn pig iriAi cliargis in 

' “ Recent Ilevelopnirnts 111 Slcel-Works I'raeliec,” “J*'‘irn.il Wcsl of Scoll.iii'i iioii and 
Steel Institute," 1911 12, i p. 14 15. 




2oS.—■‘Wellman Charging Machine, 
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open-hearth furnace practice has caused a considerable amount of change in tlie 
design of new steelworks and in the remotlelling of old steelworks. Seveial 
processes of Vnanufacture arc conducted in oixm-heartli furn.ii es with ]>artially 
or entirely molten metal charges, which necessitate the use of slightly difl'erent 
plant for handling the materials in each rase, hjit the outstanding le.itiires in the 
rearrangements consequent on the introduction of molten iron charges are the 
employment of blast furnaces and mixers, with the auxili.iiy plant reqiiir^ in 
conveying the molten metal to the mixers, and from them to the furnaces. 

In some works the metal is conveyed direct to the open hearth furnaces from 
the blast furnaces, hut this jiraitice is becijniing the exception. 

Position of Blast Furnaces. - It is not essential that the blast fuinaces should 
be in close proximity to the mixers —as a rule they ate some distance from them. 
In some cases the metal is carried for several miles in l.idles nioimtcd on loco¬ 
motive trucks, when the blast furnaces are not in the immediate neighbourhood 
of the steelworks. There is, of course, a danger of the metal " skulling " in the 
ladle, but when thetraiisil of the metal is carried out expeditiously, tins is com¬ 
paratively slight. • 

Position of Mixers.—No fixed prtin is aflopted in the arraiigcim nt of mixers 
in relation to the furnace plan*. Usually, the mixers are placed m the .same 
building as the furnaces, and m line with them, so that the (h.uging machines 
and overhead i ranes may seive both the mixers and furnaces. In other works, 
the mixers arc placed in the same IniiUllng as the open-heaith lurnaccs, not in 
the same line, iiut oiiiiosite and parallel with them. 'Then ag.nn, inixcis are 
sometimes arranged in separate buildings entirely fiom the furnaces but adjacent 
to them. 'This latter arr.mgement is convenimt xvhcii mixers are used for 
serving furnaces m different buildings. 'The question of position is determined 
by the leqmrements of the furnaces, and the best means of receiving the metal 
from the blast furnaces and distributing it to the melting and converting 
furnaces. 

Auxiliary Handling Plant.—Molten metal charges are iiuari.ibly brought 
to the mixers from the blast furnaces m steam or electrically drivi n locomotive 
ladle trucks. 'The metal, after being weighed on a weighbrulge, is iqipcil into the 
mixer by a l^ydraulic or electrically driven tipping device, or by overhead c rane. 
The metal is likewise conveyed from the mixers to tlm fiirn.ices, and is nsii.dly 
poured into the latter while the ladle is susi)i'i«led from the oxerhead crane, 
the tqiping being performed by an auxiliary crab on the crane. 

Charging machines are used just as in furnace plants where cold metal 
charges are melted, but tiiey are iirmcqially reqiiiied for charging ore, lime and 
scale, and also scrap, when proportions of sevap steel are used with Jhe molten 
metal charges. • 

TvnC.M, MoDI'.RN F.OUITTKD OrKM-IIF.ARTII Stfi.i.woki^s 

In this country many steelvrtirks adopted the molten n*elal process si veral 
years ago. 'The Irodmgham Iron N Steel Co., 'The Cargo T'lcci Co, and iiioie 
recently the Skinningrove Iron & .Steel Co. have installed the 'Talbot Con¬ 
tinuous Process. 

A few years ago the Glengarnock Iron A Steel Co.’s Works in .Ayrshire were 
remodelled by Mr. Edgar W. Richards, and cqiii|)[)ed with three 50-ton tilting 
furnaces and one 250-ton gas-fired mixer, all of the Wellman type, working m 
conjunction with blast furnaces. ’ • 

Some years ago, Mr. John H. Darby ’ at lirymbo demonstrated the value of 
‘ “Journal Iron and Steel Instilutc,” 1905, I, |i. 122. 
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the Bertrand-Thiel process in modified form, and introduced an arrangement of 
plant for conducting the process ect)nomicalty. 

Plans of several of tiie large modern English works with descrij^tions of their 
plant, have been given in some of the various trade journals. 

The following descriptions and arrangements of typical plants are of works 
in America and Germany which have been either entirely remodelled or built 
\\ itjim the past few years. 


American Steeiavorks 

V 

The Gary Plant of the Indiana Steel Co, 

The G.try open-hearth plant of the Indiana Steel Co. is perhaps the largest 
in the world. The works, a very full account of which is given in “The Iron 
and Coal Trades Review,”' are arranged with six independent buildings each 
equipped with fourteen 6o-ton basic open-heartb furnaces, each building being 
1189 feet long by I9j,feet wide. Fig. 209 shows a section through one of the 
buildings, and Fig. 210 apart plan/, Tw(>,3oo-ton mixers are erected in each 
furnace building, and tbc whole o])erations of .receiving metal from the blast 
furnaces and distributing same to the open-hearth furnaces proceed in each 
building independently of the other. They arc separate units, and in some 
respects could be regarded as independent steelworks. 

Arrangement of Buildings, 'i'he open-hearth furnace buildings are grouped 
in pairs, having a large scrap yard with three tracks between e.i{h building, in 
which a skull cracker is erected for breaking heavy scrap and Kadle skulls. A 
mixer building is conveniently arranged at* one end of each furnace building, 
with suitable tracks for receiving the metal from the blast furnaces, and for con¬ 
veying It from the mixers to the furnaces. The gas producer building runs the 
full length of the open-hearth furnaces on the side next to the storage lean-to, 
and special provision is made’ for receiving the coal on an elevated track and 
distiihuting it to each gas producer, after being crushed and elevated to an 
overhe.a<l hunker. 

Auxiliary Plant.—A cr.ane of 75 tons lifting power with an auxiliary of 
15 tons cap.acity foi tipping the ladle, is used in the mixer-house for handling 
the hot metal. A 6o-ton ladle^^on electrically-oiieratcd hot-metal car is used for 
conveying the metal to the furnaces. Similar cranes are used over the open- 
hearth furmace charging floor for pouiing the metal from the ladle into the 
furnace. On the casting side of the furnace cranes of 125 tons cajiacity, with 
25-ton auxiliary cranes, are used fijr handling the casting ladles. 

At.the’g.as producers the coal-handling devices are of the most modern 
design. Truck-loads of coal are received at the producer building on an elevated 
railway track. The coal is dropiied down a chute from the truck into an 
electrically-driven coal-crusher, and after being crushed, is elevated to an 
overhefid bunker. From the ^overhead hunker the coal is distributed to the 
producers by an automatically-controlled hoppilr crane which deposits a regu¬ 
lated amount of coal to each producer periodically. In Fig. 187, Chapter 
XXXI, is shown a somewhat similar arrangement used at the laickawamia 
Steel Co.’s Works, but in this arrangement the coal is not crushed before being 
elevated. 


The Union Steel Company’s IForhs, Canton, Ohio, 

At the above works an arrangement of modern ojien-hearth plant designed 
to compete with larger works has b'ten installed. Six 40-ton basic furnaces are 
' Vol. 78 (1909), p. 565. 
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arranged in one line, being equipped with charging machine for handling the 
scrap steel and pig iron, and in the lasting shop w ith overhead cranes. 

The gas producers are placed in two lines |)arallel with the topen-hearth 
furnaces, and coal for their supply is brought over an elevated railway. Pit 
furnaces adjoin the melting plant for heating ingots for the null. The cost of 
producing steel in these works is given in Chapter XXXIIl. 


German .Steei. Works 

The development and success of the molten metal processes in the open- 
hearth furnaces have encouraged the construction of new, and reconstruction of 
old, steelworks in Germany. Two illustrations' are given of works started 
within the last few years, manufacturing steel with molten or semi-molten charges 
in open-hearth furnaces. 

'' The Oeorj^smaricnhuHe. 

In Plate \TI are illustrated jilan and sectional elevations of the steel 
works of Georgsmarienhutte at Osnahruck, Germany. These works were 
started in 1907, and are built in close pro.Minity to the blast furnaces, from 
which the metal is taken in ladle trucks to the mixers. There arc five basic 
oi>en-hearth furnaces, each of .)0 tons capacity, erected in line oiiposite to and 
parallel with two mixers, one of 150 tons and the other of 250 Ions capacity. 
The furnaces and mixers are connected with ihc gas jirodiicers. which are 
arranged hehind the furnace chimneys and jilaceal parallel with tee furnace 
building. Although the mixers are shown as being connected with the gas 
producers, the 250-ton mixer is supplied with gas from the blast furnaces and 
heated entirely by tbis gas, winch is first cleaned and concentiated before 
reaching the mixer. 

Mixers.—The mixers not only collect pig iron from the blast furnace, hut 
refine the metal, so that the work of the open-hearth basic furnaces is greatly 
reduced ; 6 heats are obtained trom e.ach furnace every 2.) hours. 

Tne blast furnace metal is weighed on a weighhiulgc outside the huilding 
before it is brought to the niixci, after which it is lifted fiom the truck by an 
overhead crane of 50 tons ca|>acity and tqiped hy means of a 5-ton auxiliary 
crane. The metal is poured into a runner chute mounted upon a fi.ime, and 
Hows into the mixer; a 2-ton charging machine is used for introducing the ore 
and lime. 

The refilled metal is jioured from the mixer into a ladle suspended fioni a 
60 ton oveihcad crane. It is weighed on a weighhiidge hetweeii the two mixers 
and then brought to the furnace, into which the metal is tqiped by the helii of 
a lo-ton auxiliary crane. 

Opeh-hearth Furnaces.—Tlje furnaces are of the ordinary fixed type, 
arranged with the regeneralois below the heartll, and suiqilied with gas from a 
battery of producers. Mach furnace is connected with a large gas main, through 
winch the gas from all the jiroducers jiasses. The gas and air valves are 
operated in the ordinary manner. While the hot metal is charged into the 
furnace on the same side fiom which the metal is tapped, a 2-ton charging 
machine is used on the other side for introducing scrap, oie, and lime, the 
materials being brought on to the charging stage in pans after being weighed on 
the weighbridge. An overhead auxiliary runner on mono rail also assists in 
bringing the materials to the furnates. The charges are tapjied into ladles 

I Ity the kinil iiermls.sion of Dr. Petersen and " Staid und Eisen, ’ Dusseldorf. 
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suspended/rom overhead crane and carried to ingot moulds, which are arranged 
01) trucks. I 

Gaa Producers.—At one end of the battery of nine Kei[nly rotating pro¬ 
ducers is a coal stoiage luink«T below the level of the ground, ('oal is 
deposited into this from trucks brought over it, and raised by overhead crane 
from the storige bunker by means of a collapsible bin ket to a 10 ton Ininker 
abo\e the producers and at one side of them. 'I’lie coal is conve yed to the 
hop|XT of caclv jToducer by a chute from the oMrhead Imnku. I'lTf^ashes 
from the producers are deposited in trucks at one side and below the level of the 
producers, for easy removal by locomoyve. 

T/w lu'thlen-Falvahutte. 

Another arrangement of (jcrinan steel works repri stmts one of the latest 
works built lor the production of light ingots of 4 to ^ < wts lach, for the 
sup[)ly of a conltnuous rolling mill Solid ihargcs wcie bnng melted in tlie 
open-hearth furnaces at the Ik thU n babalnitte until th*\car ojio, when llie new 
plant illuslialed m Plate \ 111 wa'#installfd 1 he m w lntnac< s .ind mixer woik 
in coniunclion with die l)lr»«t fuinacrs m the ouiinaiy wav in the supply of 
h<[Uid iron, lull the works are arianged with lilu tal s(t.ip >aid l.nuhties (or 
the supply of 60 per cent of llie total t haigcs as cold sciap 'I'lu’ spci lal feature 
in this plant is found in the means adojHed for the lapul liaiulling (tt the scrap, 
which IS charged into the fuinaies 

From die sei tional elevation ami plan of the plant it will he ohvj-rved that 
betwei n the furnat es and the gas producer j)lant tliere is a lih« lal spac e for 
scrap storage, which is spanned iTy two (n-eihead < lanes (or handling the sciap. 
From the mam railway two elevated tracks run into the sc tap y.inl. The? rail¬ 
way trucks are cmi'tied hy electi h. magnets suspended iiom the overhe ad < ranes. 
A press for hundlmg scr.ip is j'laced hy the side of eac h tiaik I la- lumdle-s 
are pi< ked u]> h) an auxiliaiy runner on the overhe'ad crane* and piae • d m e harging 
pans on the fiunace platform wilhm rcaih of llie 2-ton hmiae e charger. 'J’he* 
ease with which each oju.ralion is accomplished with the: minimum o( lalioiir, 
not only increases the outjmt from the- plant, hut iedu< e s the; ejjxraling costs. 
'Table FXXXIV (page F>-) gives details of cost ol bundling se rap *m both 
hydraulic and ele< Irically operated [>resses. « 

General Arrangement of Buildings and Plant. The general layout (T the 
buildings and plant differs from that of the* Gcorgsniaiienluitte*. i hu* mixer 
only IS used, of 150 tons ca])ac ity, jdaced m line with and helwcen the luin.icc s. 
'Flic methods, however, of charging the aioiten metal into the* lurnace and in 
lapjimg the charge are the same m both works, and the handling (,ranes and 
chargeis are similar 'The gas |>rodue'er plant is ojK-rated m tiie same way and 
with similar coal and ash liandling devices as the piodueer plant at Oc.-c^rgs- 
marienhiille, although arraiigeal chftercntly on a< count c>f the site*. 

Conclusion.-'Tliere aie jnany other inler*:stmg features about llto detailed 
arrangements of steel works plant to wliudi reference h.ts not he e.n made, such 
as the various ways of recording the weights of hot aivl cold materials, the 
methods adopted for the storage of the cliflerent materials (other than pig iron 
and scrap) used in the processe.s, the storage cT refrae lory mate rials and mills 
for grinding same, the laboratory fear tests, and the lavatcuy e fuiveniences for 
the men. 'These, and other smaller details, are important, and are usually 
arranged according to convcynence. For instance, the storage of refractory 
materials is frequently arranged for under the charging j-lalfcfl'in of mixer or 
furnaces, and the laboratory for tests oft the staging or in some cential position 
within easy reach of the furnaces. 
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TABLP LXXXIV 
Scrap Bundling Presses 


Items of cost 

Kind of Press used. 

One iaitial 
press. Two 

1 hydraulic 
presses. 
One scrap 

1 sheais. 

1 

Pressing 
direct from 
wagon. 

SUctrIc pnttt 

Scrap 
moved from 
yard by 
hand. 

Unloadiog 
with tnag* 
nctic aan« 
for do* too 
output 

1. AM^aj^'c output piT shift (tons). 


9'25 

29 ’S 

26‘0 

6o‘o 

2. Avcruj^e weight of bundles (cwls.) . . . . 


4'5 

i 5'75 

. IS '75 

' 5 - 75 , 

3. Cost of unloading scrap (slnllings) . . . . 


0'4 

0*4 

0-4 

o’i5' 

4. Power \ 



40’25 

4'«5 

4-09 

9-07 

5. Materials, oils, etc. 



. ‘3 

0'92 

0'92 

0*92 

6. Repair materials | 

('o>t per 


1-56 

2*4 

2'4 

2-4 

7. Repairs, labour 

shill. ( 


2*24’ 

0-97 

0'97 

0'97 

8. Air consumed 

Shillings, 


— 

I '74 

I '56 

362 

9. Wire for bundling 


j i 

4'8 

— 

— 

— 

10. I.abour , 



21*9 

i6'56 

38'76 

I 9 ' 52 - 

11. Direct cost t>er ton of pressed bundles . . . 


! 7'8 

0-93 

i '9 

061 

13 . Interest and depreciation per ton of pressed 


1-23 

0-39 

0-44 

0*2 

bundles 







13. Total cost of pressed bundles. 


9-03 

1-32 

2'34 

0'8i 

14. Cost including unloading. 


' 9’43 

1-72 

2*74 

0*96 

15. Transport from press to furnace, per ton of 

0*66 

0*09 

0-09 

0*09 

bundles 







16. Total cost, including transport to furnace , . 


io'09 

£‘81 

2’83 

l-os 

17. Cost of charging per ton of bundles . . 


0-54 

0*03 

©•03 

003 

18. Total cost per ton of bundles. 


io'63 

1-84 

2*86 

ro8 


This includes iiUcrcst and depreciation. 






















CHAPTER XXXIII 


COST OF STEEL PRODUCED IN TYPICAL LARGE OPEN-HEARTH 

FURNACES 

The cost of stee! production by large open-hearth plants of modern’deaign ii 
now reduced to very fine limits, and depends u])on the Ifitid of plant and process 
employed, and the quality of the pfcduct Required. The actual cost of the plant 
is not a serious item when th^ enormous tonnage produced is considered. Some 
medium-si.!cd fixed furnace plants, used for melting cold charges in jiroducing 
ingots of ordinary quality steel for light structural steel sections and similar 
classes of work, cost little more than it. for depreciation and interest |)er ton of 
ingots produced, when a charge of 15 per cent, is made on the total plant 
capital. It's understood that the furnaces are kept in operation for about 40 
weeks per annum. The question pf the continuous operation of a furnace plant 
has a very marked influence on the final costs of production, not only u|K)n one 
but many of the items of cost 

The kind of process of steel making conducted in the furnace also influences 
the final cost. The nature of the process carried out is usually determined by 
the commercial considerations governing prices of materials and the local 
demands for the kind of steel products manufactured. 

It would be difficult to state costs of production for the various methods 
employed in furnace plants, without comparing all the ojicrating and purchasing 
conditions in each case. It is therefore intended to give typical illustrations of 
costs of steel produced in some plants operatiad on modern lines and represent¬ 
ing the best practice in the three principal steel-producing countries of the 
world. 


Cost of Steel FIirnace Pi.ant 

The plant included in a modem open-hearth furnace equipment is as 
follows:— 

1. One or more furnaces, complete with regenerators, flues, revering valves, 
and separate chimney for ca<^ furnace. • 

a. Gas producers, or batteries of producers, arranged in pairs or in groups of 
three, according to their size and the size of the furnace to be supplied. Alio 
flues connecting producers and furnaces. 

3. All the coal handling and other apparatus and equipment required for the 
supply of fuel to the producers, and the removal of ashae. 

4. Cranes and charging machines, locomotive and trucks, charging boxes, 
railway track, weighbridges, ladles, and all the necessary plant for handling 
the raw materials to and from the stojk yard, and at the fui^ces in taking 
the steel to the casting floor. 

5. Generating plant, if power for operating electrically cannot be purchased 
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at a reasonable price from an outside supply, or from the power department 
which f xists in the steelworks where it is proposed to instal new pl^nt. Such 
generating plant to include steam bbilers for gas producers, pump^, etc., for 
water power, and apparatus for lighting throughout. 

6. Buildings. 

7. All foundations for plant and •buildings. 

Cost of Furnaces.—(Jonsidering only the cost of furnaces, there are on 
record ottimates and costs of furnaces actually designed, and others which have 
been verified by having been constructed and put into operation. The following 
details are taken from the sources named, and can be compared with the prices 
paid by manufacturers for furnaces of siifiilar design which may be in operation 
in their own works. 


Ddaih of Cost of Two ^o-Ton Furnaces ' 

The following costs were prepared by Mr. F. H. Treat, consulting engineer, 
Pittsburg:— 

One furnace, complete with 66 feet length of buildings, stock yard, producers, 
buildings, etc.— * * 

Iron and steel work for one 50-ton o.h. furnace—■ >■ ^ 

Charging floor, 89,000 lbs. 66 \\d . 695 

Tr.ack rails, 13,200 lbs. @ k/.. 55 

Beams and channels for furnace binders, 

100,000 lbs. (if] ijr/..f>25 o o 

Steel ca.slings, 51,000 @ ajrf.. 53 i 5 ° 

Stack, 40,000 lbs. @.2(1. . 333 ^ ° 

Reversing valves and dampers, gas box, and 
flue connections, and regulating apparatus 625 o o 

-2,865 7 o 


s. d. 
6 o 
10 0 


Brickwork and lining for one 50-ton o.h. 
furnace: 

Furnace and regenerators— 

220,000 common bricks @ 62s. (id. . . . 

65,000 silica bricks 66 145^. \od . 

235,000 No. I clay bricks @ i25r. 

10,000 magnesite bricks @ 77c#'. lod. . . 

Flues— 

30,000 No. 2 clay bricks @ 1040 2jl.. . ■ 

30,000 common bricks @ 62s. (>ii.. . . ■ 


Stack-- 

40,000 No. 2 clay bricks @ I04,r. 2d. . . 

90,000 common foundation brinks @ (>2s. (>d. 


50 tons magnesite @ 83^. ^d. . • . 

450 tons coal. 

Labour making bottom .... 

Concrete, 3500 cubic ket («) 10./. . . 


687 

10 

0 

■173 

19 

0 

1468 

•5 

0 

3^5 

8 

0 

156 

5 

0 

93 

>5 

0 

208 

6 

0 

2 ^S 

5 

0 

208 

6 

0 

375 

0 

0 

72 

18 

0 

145 

16 

0 


3,015 12 o 


250 o 0 


489 II o 


802 o o 


■ Total gost of furnace . ■ ■ 

> “ Iron Age,” vol. 71, p. 30. 
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Producers and equipment— 

5 produfers ® V .,• • 

'5 gas fluf connections. 

Building 16' X 66'. 

Coal handling machinery. 

Main gas flue.• ■ 

Building 66 feeUn length. Furnace, charging, 
and casting shops-- 

195,000 Ihs. steel and iron work (n) i^/. • • 

Foundations.. . . 

Narrow gauge tracks ....•••■ 
Excavation, 3020 cubic yards an tr. • • 

Stock yard, Including runways for ciane and 
railway tracks . . . ■ 

7 mould cars (ih tor. 

I steel ladle. 

24 charging boxes . . , 

6 cars for charging boxes . 

I cinder car .... 



C >■ 
1145 Cs ° 
104 3 o 

318 6 o 

208 6 o 

2()0 8 o 


1502 10 o 
256 4 o 

(18 15 o 
1.88 1 5 o 


307 1.8 o 
Iw.io o 
312 9 o 

,57 8 0 o 

31:10 o 

1)2 10 O 


jC '• '6 


2,0 p) 18 O 


2,016 5 o 


1,807 17 O 


Total cost lor one liirnacc . . . ° 

Total «Kt for two furnaces . . . ,.{,26,867 o o 


The foregoing details are given in full, as they set fortli in .1 conipi. hcnsive 
manner a scL‘dule of the materials required in hinhhng a 501011 fiiinaet 1 

“"'’'rhSuowmg table gives a summary of the costs of a lew dilh lent si/es of 
furnaces with necessary producers 


TAItLE lAXXV 


Costs ot 7 iiKNAets ANO^l'Konucms 



site of fui nace. j 

()a» iToduc^rs. { 

j 

■) 

One 50 ton furnace . 

4 

5 gas producers 

^ i 

7422 j 

2035 ; 


One 40-lon ,4 j 

3 » *» 

4625 i 
1215 : 


! 

t 

• 

A 

One 30 ton ,, 

\ (if 8 gas producers 

8jc9 

3316 

4 

1 One 20-ton ,, 

With producer j 

5208 


Kent *t k» 


Two fiirnno' lo proiluccr*^ 
incliJiUil m the 

’riuec tiiin.ii's mcIii'U'l in the 
•irran^t ment. )• lc\ on jirtMlutefS 
used htr llirt i- 40 Imi furnarrs 
ami one pil fiir#aec. 'loial 
cost of iJiodm < 13 /^445^- 

'Ihrfo fiitnacts wiili (Innmcy, 
|)l;ufofm, ami (aslmj.; jnl in 
sclumo, Ibiphi jf'>ducer» 
siij)|4)ii'v; 111'' \ luniato-t. 

Six 2<>i"n furnams with j)rO' 
inclufled in the scliemc. 


1. " Iron Afje?” vol 71, p. 

2. *' lion Trade Keview," ()ct. 27th, 19 <M» P* 3 * 

3. “ Iron and Coal Traded Ueview,” lylo, p. 3O7. 

4. "Iron Age,” vol. 47, p. Uo 3 . 
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In the remarks column of the above table, the notes explain the size of the 
complete plant of which the itmes named form a part. In the case o# the 40-ton 
furnace, the cost does not include foundations, which appear as a separate item 
in the complete cost of the equipment of the furnace and plant. The follow¬ 
ing summaries give details of the 50, 40, 30, and jo-ton plants referred to in 
Table LX.KXV 

50-7b« Open-hearlh Furnace Plant. • 

£ r 

Two 50-ton furnaces and lo producers, complete with 

buildings, stockyard, etc.26,567 0 0 

One 75-ton ladle crane.4,560 8 o 

„ „ freight and erection .... 270 17 o 

One slock crane. 807 6 o 

„ „ freight and erection.• 41 13 o 

One charging machine.2,187 to ° 

,, „ freight and,erectiqn. 104 3 o 

Two extra ladles. . . . ^ . 625 o o 

Ladle repair stand. 62 10 o 

Lasting stand and car movei. 250 o o 

Coal hopper, crusher, and elevator. 416130 

Ends and extra bay in main building, including founda¬ 
tions and excavation . 1,545.12 o 

One electric stripping crane. .5,020 17 o 

„ „ „ freight and (Section. . . 175 0 o 

120-ft. runway for above. 300 o o 

One 20-ton narrow-gauge locomotive. 833 6 o 

Westingbouse 200 k.w. generator. 786 9 o 

Engine for above. 701 9 0 

„ „ freight and erection. ic4 3 o 

- Orand total.4,>i359 '1* ° 

, Engineering and incidentals, 10% .... 4,337 4 o 

Total for 2-fuisiaco plant.,^ 47,^’97 ° ° 


40-7iv< Open-hearth Furnace Plant. 

£ r d. 

Buildings for furnace and mill.14,645 16 o 

E'oundations and grading.8,250 o o 

One pit furnace. 2,750 o o 

Thrciiopen-hearth furnaces.13,875 o o 

Edeven gas producers and plant ......... 4,458 6 o 

Cranes, charging niachine, etc. 9,395 >6 o 

One 48" Universal mill.12,208 6 o 

Auxiliary table and shears.10,000 o o 

Boilers . 4,895 '7 ° 

lingines, pumps, .atvl dynamos.8,979 3 ° 

Steam fittings, wiring, and lighting. 5,666 13 o 

Scales, buggies, track, etc. 3,833 6 o 

•Total .... ^^98,958 3 o 
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The above cost includes buildings for mill, rolling mill, and mill machinery, 
but as part-of the auxiliary plant for tiic mill is used lor tlie steel plant, the items 
have not been separated, but given ns showfi. 


3c-7(';r Open hearth F^rntue Vlant. 


Steelworks ^inMing . . . 

• ■ • 7 ..rsQ 

Three 30-toii O.ll. futii.ices, with <Imniicy, 

plattonn. and 

casting pit .... . . 

- 1 . 0^7 

Mixer .... * . . . 

• i.’,7oo 

(iharging a])[uratus . . . . 

' IS" 

hour cranes ... . . 


Three 301011 ladles , . . . 

. . . 

Wagons, etc. . . 

. . . 1,-')^^ 

I'.iglit iiroikut'rs, uilh gas mams ami hmldmus 

. . ■ 

Sundries. 

, . 2..'18 

• • 


, Total 

.... /oi.S.S^ 


2 ^^ Ton Op<n hnuth Futna<r T/ant. 


Six 2odon furnnros, wiih j>ii)(lucers, plalfurni'^, di' 
Two cranes on trucks for ste«^ Indies 
Locomotive for above . . 

I'hiee hydrautic hoists . 

Castini; pit ... 

Four Wellmm cranes . ... . . 

'rwelve steel ladles. 

Twelve niL^ol trucks, twiUe mould liucks . 

One hundre<l ingot moulds . ... 

Hydraulic plant. ... 

Four boileis, iooh[ce.mii . .... 

Ihiildings, 350' X i-Jo' X ^o' . ^ . 

Tiacks, steam hammer, etc. 


'I’otjl 

Unprovided for . . . . ^ 

Fngmecring, etc. . . . 


Grand total 


/ f. </ 

. d.-s'' o 

6 o 
H 5; 6 o 

Ojt 7 o 
Ilf. 13 o 
>. IS 7 I i o 

I, J c; o o o 

i/Mi 1 ^ o 
-*.70; i I o 
I,fc.U 12 O 

I o Jl 13 o 

o o 
621 7 o 

/.sW -17 3 o 

14 o 

o 

/Opt^Ho II o 


Tlie altove cost is rather yid, and is then bite sulij' cl to modifu atfon, This 
should he borne in mind wlien cumjjanng it with other cflsts. 

Working Costs of Large Open-hearth Furnaces. In the costs of plants given, 
only one includes a mixer. The use of a mixer is gen< rallj adopt'd in ah large 
plants where molten charges are used, and arc commonl) emj)lo>ed whui the jug 
iron is made within reasonable distance of the sl< (1 j)ln4U. 'I’he use ul molten 
metal decreases the working costs, the duration of the heat is shortened, and fuel 
is saved m melting. 
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75-Ton Basic Open-ueartii Furnace Plant 

We give the following costs for the production of basic steel from furnaces of 
the above capacity. 

Output. -The total output per week is taken at 5000 tons, or equal to about 
2 to si heats per furnace per 24 fiours. The furnaces are kept in continuous 

and Coat of Plant required.—Five open-hearth furnases are employed. 
The repairs to the five furnaces are almost equivalent to one furnace 
constantly idle. The furnaces are nomjnally of 75 tons capacity, and are worked 
with half liquid iron and half steel scrap charges. Plach furnace is supplied with 
gas from a group of 3 producers, each capable of gasifying 24 tons of coal per 

^The groups of producers can be coujiled together if desired, so that if one 
group is out for repair another can be put in operation. The other Hems ol 
plant include :— 

One 500-ton mixer.* 

One overhead furnace crane of 7^ tons Opacity. 

Two charging machines. * 

One overhead gantry crane in scrap yard. 

One locomotive with trucks, charging boxes, etc. 

Two 125-ton casting cranes with 30-toii auxiliary crabs. 

'fwo charging ladles and ladle chutes for furnaces. 

Three casting ladles. 

Two physic ladles, weighbridges, tables, cm. , .,.,,1 all 

The approximate cost of the plant, complete with foundations, buddings, and all 

necessary power equipment is ^200,000. .,,,,1.,,, 

Depreciation and Interest on Plant.— taking 15 per cent, on ii an y 
to cover depreciation and interest, the charge per annum — 15 I'cr cen . 
^200,000 = /^30,ooo. 

Charge lor depreciation and interest per ton ol steel 
= 30,000x20^^^, 

, 240,000 

240,000 tons is the annual output recorded on the five furnaces, being employed 

continuously except when shut down for repairs. . - ■ „ ,,rnrliirers 

Repairs -These include materials for the repair of mixers, ga^ 1 --od^ers. 
furnaces, ladles, etc., and the approximate cost per ton of steel . 9 • 

. '"“rS-Takin^ coal at tor. per*ton and the total consumption per ton of 
steefaftoo .i:t.',";hich is a fair 'average for large furnaces -king 
molten steel charges, the cost per ton of steel ‘ill 

heating furnaces, mixers and ladles (c6al and oil fuel) J • I *1 

'“■‘tabour.-Includiivg the cheTnists, melters, tjrtt and second hands helpers 
gas producer men, ash handling men, loco men hn;'g'"g 

mixer men, weighbridge men, crane men, charging ™ r-oairinir canes and 
pourers, stock yard labourers, slag truck men and the 
helpers, the labour cost per ton of steel = y. gJ- j 

W Materials.-Takingthe cost of the P‘g 
be 50f. per ton and the furnace scrap at 45^ per ton, the cost of liquid steel is 

To produce 5 °°° of liquid tteel per week, 535 ° wns of material are 
required, divided in the proportion of— 
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£ s. d. 

2675 tons of pig iron 5or. . . 6,687 t° o 

2675 „ scrap „ .(5r. . . . * ... 6,018 15 o 

Total cost of raw iiiatenals per week . . 12,706 5 o 


Cost of materials jier ton of luiuid steel 


/■ 12,706 5.1 
5000 


- = 502. 10./. 


Cost of !■ lines': Tins varies in amount accorilin;.^ to llie kind of materials 
employed in the ehar^e and the prices per ton of limestone, lime, and lUiorspar, 
which fluctuate and tary rn ditVerent counVics. An averane.cost [ler ton of steel 
is taken at rr. 

Cost of Ferro .Vdditions : For rccarlnirising when makiiij,' ingot steel for 
rails, it is usual to take sutlicient iron from the miser and pour the metal Into 
the casting l.idle as tire steel is heing tapped from the furn.n e to hring the 
carbon in the ch.irge u]) to the desired limit. In the case of fuimaies of the 
capacity now being considered, the weight of jiig non reuuiied is considerable, 
and increases the tonnage of steel produced. ' 

As each ton of miser metal addeif to the casting ladle makes one ton extra 
of liiiuid steel, the cost of steel production is less by making addiliims in this 
manner than when using a smaller amount of pig iron and proportionately more 
spiegcleisen, ferro-iiianganese, and lerro silicon. 

Ferro-manganese and Ferro-siheon: These additions comiuned average, for 
mild ingot steel, about 20 lbs. jier ton, or an approximate cost per ton of ln|uid 
steel of 12. (iif. 

General and uflite expenses (shar«) are taken at approximately is. 6,/. per ton. 


Summary of Costs 

I’er ton of steel for ingots from five 75-lon open-hearth furnaces producing 


5000 tons of liipiid steel i)er week. 

Cost of plant, £^200,000. ^ ^ 

l)e|ireciation and interest . o 2 (1 

Rejiairs (matenals only) . . . " 2 y , 

Fuel. . .... o .? 5 

Labour.•. . . j y 

Raw materials and additions .... ... 21010 

, ,, fluxes. ... 010 

,, ,, ferro-manganese, lerro-silicon, ami 

aluiiiminin .*. o f 6 

General and office expenses (share) . old 

Cost per ton of Inpiid steel . . /.j 7 3 


If scrap is taken at 50?. per^ton, the cost of slcel is /Ji yr 11,/. person. 


40-T0 N ILa.SIC OlTN-tlKARTII FUKNACI'. Fl..\NT 
Ccif oj Steel Production 

From the details of a plant designed and installed by ^lr. Victor lieutner at 
the United Steel Company’s Works at Canton, Ohio, the following particulars of 
output and costs have been prepared from details given by him*' They are 
set forth in the following order for comparison with other costs. 

* “Iron Trade Review,” October 271b, 1904, p. xxv. 


3 U 
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Output of Plant—The plant (enumerated on page 366) consists of 3 open- 
hearth furnaces, each of 40 tons capacity, producing 40 heats per week, 
melting r6oo tons of material and producing 1472 tons of ingots weekly. 

Cost of Plant.—The total capital expenditure on plant and mill was 
;^98,957, and assuming that the total apptoximate cost of three furnaces and 
complete equipment of the auxili.iry plant to be ;,f5o,ooo, which would be a fair 
approximation, the annual charge for depreciatioh and interest is as follows:— 


Depreciation, 10% of ;^(5o,ooo.■ . 5000 

Interest, 5% of ^'50,000. 2500 

Charge for depreciation and interest per annum. . 


Assuming 40 working weeks i)er year, be. an annual output of 1472 X 40 
= 58,880 tons of steel, the charge for depreciation and interest per ton 
7500 X 20 
= 58,880 = 


Working Costs per 7 'on of Ingots 

Repairs.—The materials used in repairing the furnaces, ladles, etc., per 


week's campaign are as follows:— 

L r. </. 

15 tons of magnesite (“i 871-, bd. per ton .... 65 12 6 

25 „ dolomite @ 14^. 7</. 1847 

Clay, bricks, nozdes, etc. 25 o o 


Total . . jCioS 17 I 

„ ... ITS. id. — 

Cost per ton of ingots = = is. 6d. approx. 


Fuel.—Kleven gas producers of the Swindell type are used, each capable of 
gasifying 10 tons of good coal per 24 hours. They supply the pit furnace in 
addition to the open-hearth furnaces, but the coal consumed at the open-hearth 
furnaces is recorded .at 680 tons per week. 


680 tons of gas coal @ qr. id. per ton = jf'iii ly. 

.'. Cost of fuel per'ton of ingots = ^d, 

1472 


Labour.—The list of men cmiiloyed on both shifts per week, and their duties 
and wages are as follows ;— 



per day. 

)Kr week. 

1 

.r. 

d. 

L 

d. 

2 melters. 

@ 22 

II .... 

13 I.S 

0 

6 first helpers. 

.» I I 

s4 . . . . 

21 15 

0 

12 second helpers .... 

„ 6 

10.4 .... 

24 >5 

0 

a steel pourers... 

») 12 

6 , . . . 

7 10 

0 

6 pitmen 

M 7 

34 ... . 

13 2 

6 

2 cranemen. 

n 12 

b ... . 

710 

0 

2 charging-machine men 

.. 9 

44 ... . 

512 

6 

I ladle man'. 

8 

4 . . . . 

2 10 

0 

3 gas makers. 

10 

5 . . . . 

6 5 

0 

4 helpers. 

„ 6 

104 ... . 

8 2 

6 

20 labourers.... 


74 ... . 

33 '5 

0 

2 chemists ..... 



8 6 

8 


Total . . .^152 19 a 
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The cost of labour, therefore, per ton of ingots 

^152 iijr. 2./. • , 

= --z= approx. IS. 

• 147a 

Eaw Materials. —The following weights of raw materials are used i>er 


reek: 


640 tons of pig iron uT) 501. per ton. looo 

916 „ scrap (111 4ir. 8,/. „. 1008 

12 ferro-niangancse ui'. .^10 lOs. 81/. per ton . 1 p' 

64 ,, ore (50% be) (<ij i 3 r. 9./. jrer ton , . . . , Oo 


o. 

o 

o 

o 


Total 


7 


^561)8 - s . X 20 

Cost of materials iierton of ingots = '' = 50,1. .ipprox. 

M / • 

Fluxes: 

14.} tons of limestone 2r. f)(/.*per loh. 18 o o 

8 „ fluorspar y 41*. 8</. ,, . 16 1 5 i 

Total . . ^tl 1,5 4 


Cost of fluxes per ton of ingots = 


/.it TV. 

' 17 - 


P/. 


= til/. a|)|)io\. 


General Operating Expenses. —'the total geneial operating expenses suehas 
fuel for boilers, oil, etc., and labour sueb as firemen, eleetrieian, loeo engine men, 
millwright, blacksmith, bricklayers, weighbridge derks, and helpers is eiiiial to 
^276 ir. oJ, per week for the whole works. Taking ol this .iinouiit lor the 
steel plant and the remaining to the mill, the cost per ton of ingots 

, JC276 is. Ol/. X 20 

= 1 X - ir. /,</. 

■' 147- 

offlee and Selling* Expenses. - The total werkly ofliee ami selling cxp<;nscs 
is given as jQ(>2 lor. or/. If the steel jilant bear h the cost i.f. it 5J. oi/., the 

,. £/,' 5''. O'f- X 20 ,• 

cost [rer ton of ingots = = 51/ 


Summary of Costs 

Per ton of ingots from three 40-ton open-hearth basic furnacM piijdueing 


1472 tons per week. 

Cost of plant, .^50,000. 

/ r. ,/. 

Depreciation and inten st ... .^ .. o 2 (< 

Repairs (inatetial'eonly) . .... o, 1 6 

Fuel .o (3 

I.abour. . . ..021 

Raw materials (metals).2 le o 

„ „ (fluxes^.o o 0 

General operating expenses including * 

power (share).o ■ 3 

Office and selling expenses (share) . .^0 o 5 • 

Cost per ton of ingots . . J.-}, 2 0 
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Total metals charged 
Ingots produced. 


i. 5 oo tons 
1472 


Loss and waste .'. 

8 per cent. 

If the price of pig iron is taken at 6or. per ton and the scrap at 45r. per ton, 
the price per ton of ingots is increased as follows ;— 

, 640 tons of ])ig iron (5 dor. 

916 „ scrap (»; 45r. 

• /,'i 920 
. .2061 

T’otal . . . 

• ^^3981 

3981 X 20 , .. . . . 

^ ^ = 54f. id. per ton of ingots, or an increase of 43-. id. over cost 

already given, .’. cost ])er ton of ingots = /^3 6 s. 711'. 

If the price of pig iron and scra[) be taken at 6 ^s. 
price per ton of ingots will be — 

and 5or. respectively, the 

640 toils of pig iron (a). 65J. 

916 „ scrap (g 5or. 

• /2080 
. 2290 

Total . . . 

• /4370 


4 J 70 X ^ 
1472 


= 5Q('. [)er ton of ingots, or an increase of <)S. per ton 


on the original cost, making the cost = ^3 nr. iii. per ton. 


35-Ton Basic OrEN-iiEARxii Furnace I’i.ant 
Eii/iul Melting. Solul Chartres 

The following is a typical modern steel furnace plant used in a rolling mill 
steel works in Germany producing light mild steel sections for structural work, 
light rails, and other classes of work. 

Output of Plant.—The output per week of each furnace, working from 
Sunday night to Sunday morning = 1050 tons of ingots, and calculating the 
cost on the production of two furnaces, the weekly output is 2100 tons of ingots. 
The materials are charged into the furnace in the solid state. 

Cost of Plant.—The following plant is required for the above production, 
and by the kindness of the designers of the furnaces and producers, Messrs. 
Paul Schmidt and Desgraz, we had the opportunity of witnessing its operation 
in Germany. 

Buildings and structural work foi; furnaces and producers. 

Two 35-ton basic open-hearth furnaces. 

Two gas ])roduccrs (Golirth type) each to gasify 30 tons of rough coal per 
24 hours. ' 

Cranes and ch.arging machine. 

Locomotive, trucks, pans, etc. 

Boilers, pumps, etc. 

Weighbridges and ladles. 

Foundations, track, etc. 

The total appro.ximate cost of the above equipment is ;^4o,ooo.* 

Depreciation and laterest. —Allowing a charge of to per cent, of the total 

* This hgure i» estimated. 
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plant cost for depreciation, and 5 per cent, for interest, the animal charge is as 
follows;— 

♦ 

• j{r4o,ooo lo^o . ■ . . ;^^|,ooo 

;,(^4o,ooo @ 5';u . . 2,000 

Total. . • . ^,6,000 

Talcing 40 working weeks per year, the annual oulput of ingots = 2100 V 40 
= 84,000 tons. 

Charge for depreciation and interest jrer ton of ingots 
6000 X 20 
= ” 84,000 ” = 


U'l'tkiiii; Cosls p-) Ton of J/o’ols 

• 

Repairs.—The furnaces liave s|.eeially long jiorts, and are desigmd with a 
view to the reduction of repair eostj, whn^r aio rather less than 111 ordinary 
furnaces of the same si/e operated on the principle of inciting and ecinverting 
without refining the charge. Atrout ,450 charges are made fnuii each lurnace 
without stopping (excepting the short interval on Sundays). The approximate 
cost of repairs per ton of ingots = 2S. 

Fuel.—The cost of fuel is an important feature in this plant, as one producer 
only is used wjth each furnace. The producer is of the revolving grate tyjie, 
and consumes about 4J cwts. of good gasifying coal per ton of ingots produced. 
Taking the price of coal at lor. [x;r*ton, the cost ol fuel per ton of ingots = 
2S. \\d. approx.—an exceedingly low figure. Other fuels for heating l.idles, 
ferro-manganese, etc. = /\d. per ton. 

Labour.—The materials are taken from the stock yard adjoining the furnace 
in charging machine boxes on the usual form of truck, broin the huge stacks of 
scrap steel the boxes are filled by an electric m.agnct suspended from an electric 
crane. 'I'he labour involved in Idling the boxes is reduced to a minnnnin, but 
takes rather longer tjjan the ordinary box filling with the same appliances 
because an assortment of scrap and pig is m.ade m order to produce the ipialiVy of 
steel required without refining the charge. I'he men cinplojnl are as follows:— 

Two melters. • 

Tour first hands. 

Six second hands. 

Two charging machine hands. 

Eight casting pit men. 

Two ladle pouters. 

Two crane men. 

Two gas producer mca 

Two helpers. 

Two crane men at producer plant. 

Fifteen labourers. 

Two chemists. 

The total estimated cost of labour is two shifts. 

130 X 20 

Cost of labour per ton of ingots = - «= i j. p/. 

c o 2100 

labour on repairs to furnaces,dadles, cranes, and other equipment = ajiprox. 
If. per ton. ^ • 

Total cost of labour = 2s. 3d. per ton. 
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Materials used.—The furnace charge consists of the following materials:— 

Pig iron (miscellaneour, brands).5 tons 

Ingot mould scrap. li 

Rolling mill scrap (joists, channels, bars, 

billets, etc.). ..i8 „ 

Iron turnings . ..3 „ 

Light scrap steel (miscellaneous sheet steel 
and iron chippings, tubes, forgings, etc.) . ,SJ „ 

Total .... 36 tons 


To produce 2100 tons of ingots per week each furnace melts 32 charges 
weekly, or an equivalent of one charge every 4I to 5 hours. 


The two furnaces use the following materials;— 

Pig iron. 5 tons x 64 = 320 tons 

Scrap.31 „ X 64 = 1984 „ 

' ' Total. . . 2304 tons 

Cost of pig iron, 320 tons @ 5or.8^0 

„ scrap, 1984 tons @ 451.4464 

Total . . . ^5264 


„ ,. 15264 X 20 

Cost per ton of ingots = * = 'jor. la, approx. 

Fluxes; Average cost per ton = 4J. approx. 

Ferro-manganese and ferro-silicon: These additions vary, but average about 
I s. 6J. per ton of ingots. 

Fixed charges for management: These can only be estimated approximately, 
but IS. bd. per ton of ingots would liberally cover these charges. 

' Summary of Costa 

Per ton of ingots made by,two 35-ton basic open-hearth furnaces producing 
2100 tons of ingots per week of 156 hours. 

Cost of plant, ;^4o,ooo. 


. . . js »• 

Depreciation and interesit.015 

Repairs (materials only).020 

F'uel. ° ^ si 

Labour.023 

Raw materials (jiig iron and scrap).210 a 

„ „ (fluxcii).004 

„ „• (ferro-manganese and It'rro-silicon). 016 

Fixed charges for management, including power 
and lighting (share).016 

Cost per ton of ingots . . . ;^3 i 7^ 


Acid Open-hearth Furnace Costs.—The foregoing illustrations of costs are 
from basic open-hearth practice, and could be multiplied considerably because 
of the variety of metbods employed in both open-hearth fixed and tilting 
furnaces. In comparing the cost of acid open-hearth steel produced from the 
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tame size of furnace under similar conditions, excepting in the kind of funiace 
lining and materials forming the charge, it is found that the total costs |rer ton 
do nht differ much. .\s a rule, basic pig ifon for the open-hearth furnace can 
be purchaseef at a lower price than pig iron for the acid process; on the other 
han^ the fluxes used in the basic process cost more than those used in the acid 
process. , 

Comparing the costs of both processes as conducted in ('icrmany, (r. Dergstrom' 
gives the following costs per ton of ingots protiuced ;— , • 



Hasic Open-1 

learth 

Acitl f >pcn-lu*ai th 


L r. 

,/ 


Pig iron, etc. . . 

. . 2 

0 

•215 0 

labour .... 

••05 

0 

0 

0 

Coal and sundries 

. . 0 JO 

0 

011 0 

Total . 

• /:,! H 

0 

/'.i >' 0 


t Iron ami Mecl bwtituto," 1S95, It, 50S, 





CHAPTER XXXIV 


SrKF.!. rRODUCriON IN SMALL OPllN-IIEARTII FURNACES 

Thi-, term “ small ’’ is used here in a comparative sense, to distinguish the costs 
given for ingot steel production in large open-hearth furnaces from the costs for 
steel em])loyed for steel castings. 'J'he range of weight of steel castings made 
from steel manufactured in the opcil-hearth furnace is so extensive that it would 
he impracticable to attcnijit to jiroduce steel su,table for all classes of castings 
from one standard si/e of furnace. For instance, some steel castings used in 
motor manufacture weigh only a few ounces, while others used for the stern 
frames of the largest steamshi[)S weigh nearly loo tons. Furnaces of different 
cap.icities arc therefore limit to meet the varied requirements. Open-hearth 
furnaces of less than 2 tons cap.aeity have not found favour in this country. In 
America, small furnaces of .J-ton ca[)acity havy. been put into successful operation. 

Open-hearth furnace [ilants for steel foundries may be conveniently divided 
into three sections 

r. Furnaces below 5 tons ca|)acity. 

2. F'urnaccs between 5 and 20 tons capacity. 

3. Furnaces over 20 tons capacity. 

I. Open-hearth Furnace Plants below 5 Tons Capacity.- M.any old- 
fashioned Siemens Furn.aces, fiom 5 tons cap.acity downwards, are still used in 
steel foundries for dealing with castings for general use, such as colliery, mining, 
railw.ay, etc. It is difficult to produce c.astings with sections less than { inch 
thick from steel made in sucl,> furnaces, hence the retention of the crucible 
process and the small side-blown Bessemer converter, in which higher temperatures 
are obtained, and therefore greater fluidity of steel. 


■ '2 TO 3-Ton “New Form” .Siemen.s Furn.\ce 

rrob.ibly the most useful si/,e of open-hearth furnace for the small miscel¬ 
laneous steel foundry producing ahouf 25 tons of h(|uid steel weekly, is one of 
2 to 3 tons ca[)acity. F’roin such a furnace, steel for castings up to 2 tons 
weight each could be produced,'although it is luA usual to have auxiliary plant 
suitable for handling such weights where an output of 25 tons jier week is the 
limit. In some small foundries where steel castings of one or two classes only 
are manufactured, 9.ich as mining and colliery wheels, no overhead cranes are 
einjiloyed, and the chief cost of tlie foundry is in the furnace and buildings. 

In one foundry in U'estphaha, Germany, near to the colliery town of Hagan, 
we had the opiiortuinty of witnessing the rapid production of steel castings direct 
from a 3-ton. Siemens furnace. The metal was tapjicd into shanks of about 

2 cwts. each, and cairied direct to the moulds on the floor near by. After 

3 or 4 shanks had been filled, one of which was kept below to catch the stream 
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of metal between tlie filling of consecutive sbanls, the tap bole was i losed in the 
same manner as a cupola is “boikled up" Tbc bole was opened and closed 
repeatedly during tbe emptying of tbe furnSce. 'I'bis practice is not, of course, 
confined to tiermany, as for many years at tbe works of tbe Dailingtoii I-'orge 
tapping and closing was iierfoniied in tins way. W'bere tbis is dune skilfully, 
and a running tap bole is avoided, the temperature ol tbe steel l.ikeii from tbe 
furn.ace in tins manner suffers less loss of beat than wben transleiicd from one 
ladle to another before reaebing tbe mould. 'I'lie initial cost ot plant niulnbe 
maintenance cost of tbe foundry are also less. • 

Tbe following is a description of tbe “ New-Korm” Siemens furnace as used 
in steel foundries. • , 

General Description. —For melting steel raptdly, tbe small “ New-Form ” 
Siemens furnace is better adajiled than tbe ordtnary Siemens luinace. Tins 



furnace differs from the old loiiii of Siemens fiirn.T e in scver.il n s|« ( Is. and the 
general arrangeinenl is dilfcicnt, as will be obsfrsi d by ' oiiiparing l ig i.py on 
jiage 2,89 with F'lg. 211, sbownig pi,111 and elevation of tin- (uiiiaci now being 
described. 'File main features are ns follows: - 

{a) Tbe melting bisirtb, gas producer, ^nd n geiieiators are built logi'tbcr, 
forming one strui ture. Tbe rcgencratois consist of two cliaiiibcK of^cbei|iier- ^ 
work (built under tbe gas prodiii er), Ibroiigb wbicb air passes lor coiiibustioii 
with the gas from tbc producer The gas coming direr,t Irom the producer into 
tbe furnace is sufficiraitly high in ti iif|ieralure to ronibinc with the ,iir, .'yul 
needs no regenerators. There are, therefore, two air regein ralors iiiily. I lie 
waste gases Iroiii tbe melting tieartb espciid most of then beat upon tbe 1 hccpicr 
brickwork in passing through tbe regeiiciators on tlicir way to tin climiney. 
Each regenerator m turn is heated by tbe hot gases, and cooled by tbe air 
passing into the furnace. Tins jirocess of beating and coolmg proceeds tbrougb- 
out the operation of tbe furnace. 

{h) Tbe arrangement of tbe gas and air ports iliders Irom the ordinary 
fuinace. Instead ol tbe gas and air passing into tbe furnace at one end and 
out at tbe other, they enter and Jsass out at tbe same end, %ft< r making a 
journey round the furnace hearth. '1 Iicik are two gas and two air ports side by 
side on the producer side of tbe furnace beartb. When one gas port is open 
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from the producer to the furnace, the other is shut. The air port to the furnace 
on the side through which gas is passing is open'to the atmosphere, the air from 
which is drawn through the reversing valve to the combustion chamber. At the 
same time, the valve opens the exit to the chimney to allow the spent gases 
passing through the opposite regenerator to escape. 

The admission of gas from the producer to the furnace is controlled by two 
valves, one being open while the other is closed. The natural draught from the 
chimney not being sufficient to draw the gas into the furnace and give a 
satisfactory result, steam pressure is applied to the producer, the steam passing 
through the fuel in the ordinary way. With a steam pressure of about 50 lbs. 

per square inch, a very good flow of flame is 
obtained round the hearth of the furnace. 

Fig. 212 shows a larger view of the furnace 
hearth, which is made up of brickwork and has 
a sand bottom. The charging door is at the 
end opposite the port holes, f.nd suffers rather 
severely from the cutting action of the flame. 
'I'lierq is another door on one side opposite to 
the tap hole— this is very useful for the inspection 
of the hearth and ‘for other purposes. 

Operation of the Furnace.—When the fur¬ 
nace and producer are built, the brickwork is 
allowed to dry naturally for a day or two before 
any fire is introduced. It is imporlant that the 
furnace be heated very slowly with a wood and 
coal lire, anck gradually brought up to a white 
heat before a charge is introduced. The furnace, 
as a rule, is worked continuously; that is, heats 
are taken from it day and night, two complete 
gangs of men operating. In small foundries, 
however, where the men are employed on day 
shift only, two or three heats are obtained during 
the 12 hours, according to, the quality of steel 
required. Wlien making steel with about 75 per 
cent, scrap and 25 per cent, pig, about 4 to 5 hours 
are required to melt three tons, afld finishing takes about to 2 hours more. The 
charging of the first heat being commenced on Monday morning soon after mid¬ 
night, It is ready about 8 to 8.30 a.m. At 9 a.m. the second heat is charged, and 
tapped about 4 p.m. Thus, where castings for ordinary engineering purposes 
are required,'two heats per day are all that can be obtained from this furnace. 
Where the charge requires to be melted only, and is not brought up or down in 
carbon by additions of pig or ore, three heats are possible during the working 
day. After the heat referred to above is tapped in the afternoon, the furnace is 
not agaiiu;harged until after midnight, when the same procedure takes place as on 
the Monday. This is ,continucd‘until Saturday mtrning, when the eleventh heat 
for the week is tapped. During the week-end the gas producer is kept going all 
the time, maintaining the furnace at a reduced temperature. 

Output and Cost of Furnace. —A furnace with a capacity of 2 to 3 tons 
will produce 25 tons of liquid steel per week, working day shift only. The cost 
of a “ New-Form” furrface to produce from 2 to 3 tons per heat is considerably 
less than that of an ordinary Siemens furnace of the same capacity. Con¬ 
sidering that two regenerators only are required instead of four, and that the 
gas producer forms part of the furnace»structure, less brickwork is required, less 
space is occupied, and the initial cost of installing is thereby reduced from 30 to 



Fi(^. 212.—Hearth of “ Ntw- 
Fo‘rm” Siemens 1 ‘urnacc. 
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50 per cent, of that of the older form of furn.ice, according to the conditions of 
the site. The furnace alone, exclndin}; foundations, chimney, holler, and royalties, 
costs from ;£^65o to /[750, but before one*could be set in o|)eration, where it is 
necessary *to instal chimney and boiler, the cost would be fioin ,,{,1500 to 
j£zooo. 

Assuming the price to be /T800, and allowing for an annual depreciation of 
10 per cent, on plant, and 5 per cent, interest on capital, the annual charge for 
these two items = 15 per cent, of • 

Taking an output of 25 tons of steel per'week for 4S weeks per year, the 
annual output of steel in ladle = 25 x 48 = 1200 tons. 

Charge for depreciation and interest per ton of licpud steel 


270 X 20 
1 200 


= 4r. 6 . 1 . 


(/cr Ton of lujuU SUA for Caihon Sloo! 


Cost of Repairs. - In the “ New-Foryi” Siemens tTie cost of lep.iirs is much 
less than in the ordinary Siemens Turnace. The fact that two regener.itors only 
arc rerpiircd, and that tbey*aie placed away from the bc.irih ol the furnace, 
thereby removing llu' po,ssibility of slag and steel getting into them should a 
leak or an accident arise, are factors which tell m the reduction of the repair 
costs. The hearth of tire furnace is, of course, subject to the same wear as the 
ordinary hparlh, but the ports are not. The latter often last much longer than 
the roof and door jambs. The 1 utting action of the tlamc in sweeping round the 
furnace is felt, ]x;rbai>s, more on the brickwork around the eiiargmg door and on 
the roof near the door, than elsewhere. When driving the melt by mmg a high 
pressure of steam m the gas jiroducer, the intensity of the flame is consider.ible 
at these parts. In Fig. 212 is shown the jialli of the flame. (In enteiing the 
furnace from the gas producer it strikes the surface of the metal, and is din cted 
upwards in the direction of the arrow on to the crown ol the luiiuce whilst 
surging round the doorway. The result is lh.at the dooiway soon wears, and a 
loss of heat takes place around the door. 'I’he crown al.so sutlers. These parts 
require to be repaired rather more frequently than any other parts of tbojuinacc. 

Advantage is taken of the three prmcqial holidays in the year for overhauling 
and making good the furnace. The boltouT of the furnace reipiires burning 
down and remaking frequently, sometimes once every month. At other times it 
may be two months before this is necessary, according to the working of the 
furnace and the materials being melted. This remaking of the bottom is done 
at the week-end, after the last heat is tafiped on Saturday niorwnig^aiid before 
the first charge is put in on .Monday morning. Repairs are akso necessary occa¬ 
sionally to the producer and its fittings, and to the boiler. There is also the 
maintenance of tools for working the ^rnace. The total cost of entire repairs 
and maintenance is approximately .7^350 per annum. The cost ol rwjiairs, there¬ 
fore, per ton of steel melted^ . 


350 X 20 
1200 


= Ss. loJ. 


Cost of Fuel.— The coal found most serviceable and economical in this 
furnace is the common non-caking slack or nuts, wliictiVun be imrchased at from 
8r. to los. per ton. The percentage of ash may vary from 5 to 10 per cent., but 
the lower it is the higher is (lie heating value obtained from the fuel, and less 
labour is entailed in cleaning the prod^icer. 'I'he hverage weight of coal con¬ 
sumed per ton of steel melted during one week's run is approximately 12 cwts. 
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This includes the fuel required to keep the furnace alight •during the nights and 
week-end. 

Taking the price of coal at qr. per ton, the cost of fuel required }o generate 
gas per ton of steel melted is approximately 5^. The cost of fuel used at the 
boiler in generating steam for the producer is approximately 2S. "jd. per ton of 
steel. The total cost for fuel is therefore 8j. per ton of steel in the ladle. 

Cost of Labour.—The successful operation of this furnace depends very 
largely upon the head melter. The quality of the product, the rate and regu¬ 
larity of output, and the condition'of the furnace and producer are also influenced 
by his skill and care. Sometimes he is paid on tonnage, or at a fixed rate per 
shift, and sometimes on a fixed weekly wage. Whatever system of payment be 
adopted, the earnings of the head melter are from to per week. In 
addition to the melter, the men required to operate the furnace arc as follows :— 
One assistant melter. 

One man at gas producer (day shift). 

One man at gas producer (night shift). 

One charge wheeler. ^ 

One man at boiler. , , 

One man patching and repairing ladles. , 

One man at crucible furnace. 

Part of one man’s wages on crane. 

Part expenses of chemist and management. 

With an output of raoo tons per year, the average cost of labour, including 
the above items, per ton of steel melted = i8r. , 

Cost of Raw Materials.—To manufacture steel to comply with the British 
standard tests of 28 to 30 tons tenacity with '20 per cent, elongation on 2 ins., 
and to give a bend of 90 deg. on a test bar of i in. square section, it is neces¬ 
sary to use good raw materials, and to aim at producing a steel having an 
analysis of o’25 per cent, carbon, o'3 per cent, silicon, and 075 per cent, man¬ 
ganese. Various kinds of scrap and pig charges wiU'produce this result. A 
mixture of very low carbon mild steel scrap with the required proportion of pig 
will give the result by simply melting and adding the necessary manganese. A 
mixture of pig and scrap of differing proportions may be used, and with the 
addition of ore or pig iron during the “ boil," the desired carbon can be obtained. 

In addition to the pig iron, sera]), ore, and limestone, ferro alloys are required. 
The total cost of raw materials p^r ton of steel melted, taken over a period ot 
about 12 months, and allowing for a 10 per cent, loss in melting = ^3 122. bd. 
per ton of steel in ladle when pig iron is 65^. and scrap steel 552. per ton 
respectively. The average cost ot yielting the finals, including the cost of 
.crucibles a,nd fuel in melting, is about 3^. per ton of steel. 

Summary of Costs 

Coft of plant, ^1800. 


, Depreciation and interest.046 

Repairs.0 5 10 

Fuel - -i. ..080 

Labour and management. .0180 

Raw materials ... ....3126 

ilelting ferro-alloys.030 


Cost per ton of liquid steel . . ;^5 11 10 
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Open-hbarth Acid and Basic Furnaces of Lakc.kr Capacity 
. FOR Foundry Work 

There is praclically no difference between the method of o|)erating a large 
open-hearth furnace, whether it be employed in the manufacture of steel for 
castings or in making steel for ingots. 

In distinguishing between the small and large foundry o|)en-hearth furnaces, 
the chief diffeftnce lies in the heavier auxiliary plant which is necessary to 
handle the larger charges of steel produced. Everything about the plant is 
correspondingly larger, and the cost of«.‘quipment is thervlore greater. In some 
foundries which are attached to steel works where numerous heavy castings are 
required for mill rolls, couplings, spindles, pinions, etc., removable furnace tops 
are used to admit of lifting heavy sera]) castings on to the furnace hearth, with¬ 
out the necessity of breaking the scrap into lueces which will pass through the 
doors of the furnace. Loose furnace tojis are unnecessary 111 ordinary ingot 
steel production, as it is more profitable, to use scrap^of convenient si/e, which 
can be handled by the machine ^hargej and fed into the furnace through the 
doorways. 

Rate of Production. —The rate of output from 25 to 40-ton furnaces when 
making steel for castings is from to 2 heats per 24 hours. ’I'welve heats per 
week m Britain is considered very good practice; usually 11 beats is a more 
common number. The time taken jier heat varies, according to the nature of 
the chargg and the quality of the steel desired. The metliod of (barging 
furnaces also is more commonly done by band, the time taken jier heat thereby 
being prolonged. * 

Cost of Acid and Basic O.-H. Steel Production in Steel Foundries.— In a 
paper' given by Prof. Bradley Stoughton before the American hoimdrymen’s 
.Association the following figures for acid and basic oixm-bearlh lurnace steel 
costs are given :— 


TAIILK I.XXXVI 

* Acin I’ROcRSS ^ 

I'lices of raw materials are I)aseil upon ihe cuncni priios ol materials in I'lllshurg during 
the lirst week of M-if, I'JOJ. 


Raw niateriAU. 

Fikc of raw 
matci talk per 
2000 11>' 

Weight used 

# 

Pcrt.iitage 

tlX-il 

t o't, jr,-tOtl 
fiiriu< • 

« 

( OAt 


£ s 

lU 



C *• iT- 

Pig iron .... 

2184 

300 

■5 

8 9 


Heads, gates, etc. 

218 4 

660 

33 

I'j 3 


Foreign scrap . 

3 0 5 

ic^io 

54 ‘ 

I 12 7i 

L 

Defective castings. 

10 8 4 

20 



h 

Ferroalloys . . . 

8 6*8 

29 

• ■ 

, 5 i 


Total cost of metal 


2089 

104 

3 5 ^ 

i *5 » 

Operating costs for 25'ton furnace . 



2 11 


,, ,, small furnaces . 





Total cost of steel in ladle per 2000 lbs. . • . 

. . . 

481 

5 2 oj 

.. 

, 224 tflb 3 


, 

418 j 

5 H 3 


' “ Transactions American Foundryinen’s Association, vol. 28, pp. 3 t" 3 li* 








382 


Llt^UID SrkEL 


TABI.F. LXXXVII 


Bask. Process 


Prices cf raw materials are based upon the current prices of materials in Pittsburg during 
the first ticck of May, 1909. 


« 

Raw inatctiah. 

I’rico of r.iw 
matin.tl> per 
Ill's. 

\V’t.ighl ufieil. 

Pert cfitagc 
list, it 

Coit, 25-fljn 
furnace 

Cost. 


* ^ <i 

11,s.* 


L 



z: 

s. d. 

Pig iron .... 

2 ij 1! 

1040 

52 

1 

7 

7 i 



Heads, gates, etc. 

2184 

660 

33 


19 

3 



I'orcign sern)) . 

265} 

350 

17-5 


8 




DefeUivo uislings. 

10 8 4 

40 

2 


4 

2 



Kcrro-alloys . 

892 

33 

I'S 


2 

.91 



'r 4 )tal cost of metal . 


2123 

106 

3 

I 

ilj 

3 

■ II) 

t Ijieruting costs for 25-ton furnace . 

. * ...... 

1 

5 

5 


19 9) 

,, ,, small furnaces . 


t • 




I 

Total oisl of steel in ladle per 2000 lbs 



4 . 

7 

4 i 

5 

1 9 

»» >» 

,, 2240 lbs 



4 

'7 


5 

13 K 




Fio. 213.—Smafi Oil-fired Open- 
hearth Furnace svith removable 
hearth. (Carr’s design.) 


Front tlic^c coni|iaralivc costs it will be 
observed that there is little difference between 
tbe total costs of acid and basic o|)en-beartb 
steel, although tbe operattng costs of the basic 
are higher than those in.the acid practice. These 
costs would have been of more service by way 
of comparison had the 0])erating costs been sub¬ 
divided into labour, fuel, materials used in 
repairs, etc. They reitresent" however, the costs 
for the charges in (jiiestion, and approximate 
Wi'iat may be regarded as fairly accurate operating 
costs, for ordinary o|x.'n-hearth practice, with the 
sizes of furnaces given. 


OlL-FlREI) Ot'EN-IIl'.ARTtt FURN’ACE.S 
FOR Steel FouNORttes 

The use of oil-fired open-hearth furnaces is 
confined chiefly tt the districts where oil is 
plentiful and more economical for steel manu¬ 
facture than other kinds of fuel available. For 
all sizes of furnaces, oil can be profitably em¬ 
ployed. In steel works where large furnaces are 
connected with an oil supply, it is usual to have 
gas producers in reserve, to be put into operation 
should the oil supply fail or the price be raised 
to a figu’ e which would make the use of producer 
gas more economical. 
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1000 -lb. Oil-fired ppen-hearth Furnace.— The development of the oil tired 
open-hearth furnace for foundries has taken place principally in .\mctica. Some 
very small plants are in operation there. The following pailicul.irs ' of cost arc 
of a small <r|)en-hearth revolving furnace of 1000 lbs. capacity, as illustrated in 
Fig. 213. The furnace is equipped with one set of air regenerators only. The 
boidy of the furnace can be removed from between the uptake flues, ami the steel 
tapped from it as from an ordinary hottom-sto[ipeted ladle. 

To insure the intermittent use of the furnace without undue expansion and 
contraction, Mr.»('arr, the designer, suggeslevl a lining of refiactoiy firccl.iy 
bricks instead of silica bricks .As the number of heats obt lined from one lining 
is not given. It is somewhat doubtful i^iethcr fireclay bpiks would last very 
long. They are certainly better for intermittent use than silica bricks, which 
chip off, split, and w.iste in other ways when used intciimtlently. .Again, fire¬ 
clay bricks are less costly, and with a drum type of lurnaie, as shown ill 
Fig. 213, which ran he lemoved tioiii bLtween the uptakes by a cram', the 
renewal of a hnii^' need not be an exiiensive matter. 'I'he following costs ot 
production are given : — 


lOQO-lbt Of'm-hfiDlIt Ft,man' C,nts 

lput--4 heats ix-r working day. l'',.irb belt 1000 lbs. 

I’lg iron ( b.irged . 1 rbo lbs h, .'s;., p/ per ton -■ (, 1 

Steely sc raji .... ., m 751 ,, t 1'' 5 

tyo .. 7 k ii 

I tccoxidisers. • • o c; 

l.aboiir 

I melter bV i6f. Sc/, pc r day 
1 helper la (>s 3./. ,, 

2:111,/.. . I 2 It 

Fuel, cS.S gallons (1 1 b/. pc r g.illoii . . ... 0110 , 

• * 

Steel piodiiced, .(ooo lbs. I.oss, 5 Cost . . J ,) ^ 


(Jost per short ton (2000 lbs) = /, t i-tr. .v'l'/- 
Cost per ton (2240 lbs.) -■ y,5 51. 7,/. 


Cost of Installing Oil-fired Open-hearth Furnaces.—The cost of installing 
oil-fired furnaces in foundries is not so gre.it as th.it of ordinary oupn-hearth , 
furnaces w ith gas producers. It is estimated ■ th.it for single furnaces between 5 
and 25 tons capacity, Per ton capacity for ai id-lined luinaces, and ^,250 

per ton capacity for basie-hnccl furnaces, .-fre average figiifes. I bese juices jiei ton 
cajvacity include e.xc.ivating, biickwork, castings, structural inateiial^ including 
stack, but do not include tlie*|ilatforni or facilities for cltirgmg. fi-lon basic 
furnace would therefore cost y, 1250 for the abcive-n.uned items, hut an addiVion.il 
cost of about ^,800 woukl be entailed for furnace. |dattoim, oil storage t.inks, 
pumps, oil jiiping, burners, etc. 'I'he buddings are not iitcluded. 1 he juices 
are for normal conditions of site, and woiilcl reijuire modification for sjiccial 
conditions. 

' “Iron Agt," Kb. iiili, ipog./i. 465. 


r “'1 'Ijc t-oun'liy,’'vul. 30, p. 179. 
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15-TON Open-ueakth Oil-firkd Acid Fuknacb; 

Description of the Furnace. —In Fig. 214 is shown a sectional elevation and 
plan of an oil furnace in operation at a \Viscon.sin steel foundry in Milwaukee, 
Ohio, U.S.A.‘ It is perhaps one of the most modern furnaces of this type 
used in a steel foundry. Two fuinaces are installed, one of 5 ton.s, and the 
other of 15 tons capacity. They are of novel design for steel foundry operations, 
both b'eing made after the Campbell tilting furnace type, with specially arranged 
uptake poits, just as in the larger types of fiirn.accs. T'hey arc built on the 
Swindell patents. The si/.es of the i^-ton furnace arc as follows:— 

Overall length.38' 7” 

Width.12' 0" 

Height.99" 

Uptakes (depth). .S' 3 ’ 

'I'llting hearth (length) .... 23 ' o"‘ 

There arc three iMors, each 3 feet square, with sills 2 ft. 3 ins. above the 

charging lloor. The doors are ojicrSted hjMraulically, and the door frames are 
water-cooled. * 

Auxiliary Furnace Plant. —For chaiging the raw materials in the furnace a 
hand charging m.acbine is used, but the jug iron and scrap are brought to the 
charging platform by a aUton Pawling & llarnischfeger electric mono-rail 
travelling hoist from the stockyard. The traveller jiieks up the pig iron and 
scrap from their independent stacks and puts them 111 the chargiiig'ho.xes on the 
cars for remov.al to the furiwce. liy this niiwns, the charging of the furnace is 
greatly facilitated. 

Output of the Furnace. —It is stated that the 15-ton furnace woiking alone 
can produce 100 tons of steel in 24 hours. This equals 6 to 7 heats per double 
shift. Smaller heats of 12 tons and 7 tons take 4 houn and 3t hours respectively. 
Considering the output from the fiiinace when operated on day shift only (which 
is the most common practice in foundry work), 3 heats per day is a possible 
rBaxinium when the materials aie charged each niorning about i a.ni. and melted 
•ready,for testing between (> and 7 a.m. A second heat niigfit be ready by i p.ni., 
and a third by 6 p.m. This, however, would allow no time for refining the charge, 
and only selected pig and sua'i scrap could be used as would produce the 
temper of steel required. At this rate of working, the lining could receive but 
scant repairs between heats, hence more frequent rebuilding of the furn.ace would 
be necessary. An illustration is given of a charge melted in 3J hours, consisting 
of the following materials :— * 

' 3000 lbs. of pig iron, 

9280 lbs. of various kinds of scrap. 

. 80 lbs. of ferro-silicon. 

, 130 lbs. of ferro-manganese. 

300 lbs.'of iron ore. , 

. * 300 lbs. of s.and. 

2 lbs. of .aluminium. 

The analysis of Jhe steel obtained from the mi.xtuie was as follows :— 

C, 0-24% ; Si, o'39% ; Mn, o-Si% ; P, o 049% ; S, 0-033%. 

From the particulars given, both the pig and scrap must have been very free 
from suljihur. 

Assuming,' therefore, Uiat the charges are produced at the rate of 3 heats 
* “The Foundry,” Nov, 1911. 
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per day, working contintiously for 5 dnys |>cr week and 1 lioals on Saliudays, 
a weekly tonnage of 255 tons of luiuid steel possiMe fioni one 15 ton furnaee. 
Cost of Furnace and Plant.- 1 lie particnl.ns of cost of the Milwaukee plant 
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are not given, but considering the 15-ton furnace plant only, with the necessatj 
equipment such as the following, the approximate cost is estimated at ;^^io,ooo. 

1. One tilting furnace of 15-tons capacity with gear and water-cooling 
equipment. 

2. Oil burners and tanks, air comiiressors and all apparatus and storage 
facilities for tanks. 

3. Charging apparatus for stockyard and furnace. 

4? Crane in casting shop. 

5. Indies, trucks, charger boxes, slag jians and truck.s, weighbridge, etc. 

Allowing 15 per cent, of this amount for depreciation and interest, the annual 
charge = 15 per cent, of ^‘10,000 = ^^1500. 

As the furnace would run for about three months and then be set down for 
about a month for repairs, the yearly campaign of the furnace would be approxi¬ 
mately 40 weeks. Yearly output therefore = 255 x 40 - 10,200 tons. 

Charge for depreciation and interest per ton of li<iuid steel 


1soo X 20 

■’ - = approx, gr. 

10,200 


IVorkin" Costs of tho Furnace 

Repairs.—There are small repairs going on all the time the furnace is in 
operation, such as ))alching the bottom between beats, repairs to brickwork and 
the machinery operating the furnace and its aiuipmeiU, renewal of band tools, 
and also the general repairs of the furnace. It is stated that 266 beats can be 
obtained from the furnace without general reiiairs. The roof will stand 800 
heats and the back wall 630 heals without overhauling. The total cost of all 
materials for repairs is estimated at 45. (id. per ton of steel. 

Fuel.—Two oil burners sujqily the fuel to the furnace under a pressure of 
80 lbs. per square inch. The oil consumption is about 50 gallons per ton of 
liquid steel. Crude oil was purchased in 1911 m Milwaukee at from xd. to i\d. 
per gallon. Since then, the pi ice has increased. Taking the price at per 
gallon, the cost of oil ])er ton of steel = 6 s. 31/. 

' Coal for boilers supplying steam for air compressor,'also pumps for water 
cooling, and heating ferro-additions = ir. 2d. per ton of steel. 


Labour. —The labour per shift is as follows:— 

s. d. 

One melter.20 o 

One first hand. ... 120 

One second hand. 70 

One chaiger. 80 

One crane man. . ■ . 120 

Two lilt men (ih yr. e.ach. 14 o 

Six labourers handling scrap, pig, sand, ore, etc., 

(li) 5J-. 6 d. e.ach. 33 o 

Four l.abourers removing slag and gent "ally assisting 

at furn.ace, @ 5r. 6</. each. 22 o 

Six night-shift men removing scrap, slag, etc., from 
furnac''and charging during early morning, iio -js. 

each. 420 

Chemist (equivalent). 18 o 

, Tohal wages.188 o per shift. 


, '88 

Cost of labour per ton of steel = = 4r. 2d. approx. 
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The labour for repaiA, including the partial services of men at boilers, air 
MCom{Hessor, grinding mill, and general repairs to tools, plant, etc., is estinrated 
at ir. id. per ton of steel. 

.-. Total cost of labour (operating and repairs) - 5r. $</. [wr ton. 

Eaw Materials.—Allowing for a 10 per cent, loss in the materials charged, 
and an average price of djr. for the pig iron ami scrap used, the cost of materials 
[rer ton of liquid steel, including for fluxes and arlditions, is approximately, 
jQi \%s. 6 d. It is,assumed that the additions art heated and added to tho’hath 
in a solid form. Sometimes the ferro manganese is added to the casting ladle, 
when the amount is not considerable and is likely to melt quickly. 

General Expenses and Office Charges. * This charge is fakcii at a nominal 
figure of ir. 91/. per ton of steel, as it must vary according to ariangemcnt of 
plant and management. 


Summary of Costs 

Per ton of liquid steel for the iirodiiclion of 25^ lonj of steel weekly from 
15-ton acul o|H n hearlh tilling fiirnaes^ , 

Cost of furnace and pl.yit (esinnatnl), /jo,000 


Depreciation and interest.050 

Repairs (materials only) ... 046 

Fuel (oil).063 

„ ,(coal) ..012 

laihour (operating and repairs).055 

Raw materials .... *. 3 12 (i 

General expenses and office charges (share) . . 019 

Total cost per ton of liquid steel .... /,'( 14 


7 








CHAPTER XXXV 


THE TALBOT COE'IIM’OUS TROCESB 


T UK 'I’alliot rontinuoiis process of steel making was intnHliioai by Mr, nciijamin 
'I'albot at I'tncoyd, I’eniisyhania, over 13 years ago, anil in this louiitry at the 
l''rodingliam Iron and'.steel Co.’s woiks in 1002. Smre then it has been adopted 
in many steelworks m diflerent cmintries. 'I'aMe l.XXXVlll (on p 390) gives 
a list of furnares in oiieralion and being built, with the ap|)roximate analyses ol 
the pig iron used in the furnaces. 

■fbe 'I'albot process is essentially a rapid converting basic open-hearth 
process, in which molten phosi>horic pig iron is used instead of cold ]iig and 
sera]). 'I'lie first charge consisls of a very liberal ]'ru])ortion of mild steel scrap, 
which IS gradually rm lted from the cold state. Likewise are the charges after 
each furnace run, which may be at the end of one or several weeks. It is 
advisable to coini)lelely empty the furnace as seldom as iiossihle, foi the sake of 
maintaining a good output and keeiiing the tajiping temperature at the uniform 
heat reiiuired. In practice, the furnace is now rarely lomiiletely emptied, a 
certain amount of metal being kept m over the week'ends. 

Iliglu i ]ietcentages of iron oxides, such as mill scale and iron ore, can be 
used in tins proi ess than in the ordinary [ug and ore jirocess, because of the use 
.of Iluid iion charges, i onsetpiently a better yield of finished steel is obtamcil by 
the tediK tion of iron from the thud slag, 'riie use of lime and iron oxide lor 
the removal of iiiiiaii ities from the ch.irgc are as necessary in this method of 
manufaituie as in the ordinary basic oiien-hearlh furnace, but with the tilting 
liiriiace the slags which are formed can be ])oured oft wbenever desired. In 
]iiactice, a large jiait of the slag is jioiircd off sometime before the finishing of 
the beat, and a new slag made by suitable hiiie and oxide additions. 'I bis new 
slag IS not.iKUired off when the furnace is lajiiied, as it is coiiipar.itivcly pure, 

and is lamed forward to hel]) to purify the next heat. This c.iirying forward of 

a good slag is one of the advantages of the 'I'albot I’rocess. 

The iirojioition of the charge iiourcd into the casting ladle at one time varies 
accoiding to requirements and cm umstaiifes. At the works of Messrs. Jones 
and l.aughliii, Tittsburg, 50 tons of steel aie t.d en at a tune from the 200-ton 

furnaces, and .So ton’s from the 250-ton fuiiiaces. ^VIlele fuiiiaces ol smaller 

capacity arc seiviiig electric furnaces, smaller iiroiioitioiis of the total diaige may 
be taken, such as 5 tons from a 50 ton furnace. 

The ease with which the jiiocess can be conducted admits of sulfuieilt 
flexibility to allow of .'.ts wide a|i|iliralion in steel mamif.rcture. 

Description of the Furnace.- Tbe 'I'albot luoccss can be cained out in 
tilting furnaces such as aic shown m big. 215, and whuh differ only in a few 
vital details'from the oiigmal Campbell and Wellman furnaces, 'lire body of 
the furnace (consisting of a steel 01 iron built-uii frame lined with refractory 
material), is mounted ujion rolleis which move m cnculai tracks securely bolted 
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to foundations. 'I'lic body is tilted without (hsturl)int' ’he relation of the pon- 
in it with those in the fixed ports of the fuinace. 'the tilling is performed \,\ 
means of an eledrie motor through suitahh; gearing, see I ig. 216, \Nhich gi\< -, 
absolute control over the furnace, 't he furnai,e can be tilled ljoth'\sa)s, so th.u 
slag can ire taken from either side as desired. Oilier methods of tilting are alM) 
adopted, such as li)ihaulic ( ylinders and rams, as •'liown in log. 217, and llusi, 
are in general use in Isngland, but many jirefer the eleclnc instead of ih. 
hyiliaulic tipping gear l>y the use of the former, the inconvenience ot fru/ui 
pipes 111 winter is eliminated ^ 'riie furnace doois are also raised by eledrn 
motors, eacli door liaving its own motOr, which oj)erates, through I'lnion and 
worm g(‘ai, llic (Tank for lifting ihc'door, llydiauhcally operated doors dn- 
also em[>loyed. 

llygenurators '1 lie legeiierntois aie placed at each side of the furnace and 
lielow the plalfoim. '('h<- gas and air Hues from tlu regent r.itms terminate m ,i 
movable poit, which conveys the gas and an to the lurnace. I lure is nothing 
spc( lal in tile con''lincii(‘n or position of the regt-iu lalors. a^lhc rig<‘iUTators in 
all modern opt 11 health fiscal lurn.iccs aic usually ananged in a simiiai maniiei 
'I’herc IS, how<'Ver, a (lisliiicl fi atuip in llie movahle ))orls, whic h is a consider- 
able impiovcment upon those ust d in the eailiei dc^ig’ns ol tilling fmnacis. 
'The joint 1 m tween the iipl.ike Hue and the movahle poll is walcr-iooled and 
wait i-seale»l, juevenling any escape of gas wlu'ii d lalcL'l uuiveiiieiil ol the port 
is occasioned hy lilting the hitnace. 

Kegardinglhe si/es of legeneratois m relatmii to the furnace hearth c.ipacily, 
U IS stated ' ih.il the 'I'alhol jirot t ss < an be < (In u nlly condiK ted m a furnai e o! 
175 tens ('apacity with regmciators, v lives, slack, etc., ol the same si/es as ate 
used in a modern 6o-lon open In-arlli lixcM iuinace, and in some cases the 
reg< iK-ratois .ue even sin.liter than in tlie so-called ^0 or 60 Ion (uriuK es. 

Fuel used in Talbot Furnaces. 'I’he ap()h« atmn ol anv gas or li<|unl fuel is 
just as simply cdccled with the liilmg fiiinac e as with the lived (urnace Manv 
ol the modem furnaces huill in Anieuca are airaicji'd for the use of natural gas 
or oil, in addiliDii to oidmaiy proilucn gas It is ii)und nioie eionomnal to 
use naluial gas in ^onie dislrii ts tli.ni to gc iieiale plod ms t gas. Oil pipes and 
‘.latural gas jiipes aie (.ainecl to the polls of the luinaies vn such a inanm t that 
wlier till)’ arc out ol use no mccmvcniencc is cxpeiicnced 

Lining the Furnace —d'he lining ol the 'I'allioi furnace* diffeis onl\ m dt tail 
from tile hasic lining lor li\(*d‘luinai'cs. 'The boU(Mii is huill ol basic m.ikiials, 
and the Sides above the door sills and the rool aie ot sihc.i iirnk. Uii the 
tapping side, howevei, the magnesite bricks evumd neail) up to the spnng of 
the Tool. 'I'he dc[)lh of (ho hath is greater than that of the oidinaty lixed 
furiKKc • 

Operation of the Furnace - 'riio successhil operation of the d'alhoi himacc; 
depends to a laigc* ('Xleiil upon the* maiiageiiient ol the* slags and the nielal in the 
himacc piioi to the achlitions ol thud jug non. \\’lu-ii fioiii a hiinace o|, say, 
200 tonv capacity, 50 tons of low caihon steel has been la|)pc-cl, the liirii.i<‘c is 
tilled l)a( k into us ,noiaial p'osiliuii and atltlihoiis are made by the electric 
clia-gcr of oxidc'S (such ns ore or mill scale) and linic, amounting to about 
5 tons and 1.^ tons res|)cclively. 'i'hese additions are allowed to melt and 
become absoibed i.n ibe existing slags. W bile this is taking place, rejiairs to the 
slag line <if the furnace are earned out, after whicli about 25 tons of pig iron 
are taken in a ladle* direct from the mixer hy an overhead electric craii'* and 
jvouic'd slowly into the furnace Immediately the metal enters the lia'h a violent 
reaction ens\|e.s between the iinjuiiilies in the jug iron and the liighly oxidised 
slags 'rile carbon is very lapidly elvmnated from the metal in the form of CO, 
‘ ‘Miun .‘\g(.-,”\ul 77. [' 11170 
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are absor1)ei\ in a Ivlh of 90 j^'r cent, of pure metal. 'I'lie following .ate 
analyses of some of the pig irons useil in the Talhol furn.icc 


. Si 

Jones and I.aiighlin ' t o to r.’5'’„ 
Frodinnham Iron and | 

Steed Co.-’ J - 

Cargo FK ci '* I’-S "n 


Mn 

V 

S 

O’O:;'’,, 

0 1 "o 

0 oO"’, 

i'o",, 

1-75 to 2 o ’ 

„ 0 oh'’,', 

0 S",, 

r 5 '‘o 

0 o.S to o’l 2'', 


Some gradcsof iron react more violently Jian oihei.s ulien ihey .ite ^‘oured 
into the Fatli of dei'.uhiirised nu tal * good white ha''ic iron js not m) Molcnt 
as an iron with In^lx silicon coiuuit, oi \cry grey non. ‘ 

Rate of Oxidation of Impurities (ftiring; the Rea'ctfons. Tins is shown 
clearly from the di taiK ot (h.nei s Nos 12/17; .nid 12/>ij; in.ule in the 200 Ion 
Talbot furnace at the works ot Mcsms. Joins .iiid Laiighhn * Kctnrmg to oin* 
action only ni rliargt' w/*;;, llu* aiiinunl ot (.nhoii gi\en ftl is \ciy well 
illustrated, 'lo tjie lurnacc conl.iimne Ihs of mcl.il wiic added K'.Soo 

lbs. scale at 1113 a.m. and 322^ lbs ol liim at 11 3 | a iii \t i: \ |> m. the 
anal)''is of the hath gave the lohowtiiL’, < aihon, o pel cent . I'hosplnnus, 
o OOQ [ler cent I’lve minutes Lilit. .jO.oftto Ihs ol thud imn \n« 1' |'om<d into 
the lurnace, laisme the peif<,n(age nl c.irlion ol the entiie nnt.il lo o'^5 
'I he anal)sis of the adtled mel.il w.is as folhiws i aibon, j o pt i (i nt . siIk on, 
0*9 per ( unl.; phosphorus, 010 per cent ; sul]>hui, O'ou p( i < cut. .\l 12.17 
j>m., that IS 7 nmuUesaiur the nuial was .uUK<t, the carbon in lln whole Isith 
was reduced to o pel 1 cut In other woids about joo Ihs ol e.irhon was 
converted idlo coiiiiuistihle gases in 7 minutes, resulting m a \er\ consuleiable 
generation of lienl. I >uring this,period the iiu tal m the hath was in a very 
violent slate of elmllition, lull calmed down afterwards, wlun llie rate ol 


oxidation of the carlion and other <‘lemenls went on iiuire slowly More oxidi* 
and liinc were added, and another 15,100 Ihs of thud metal pouied m, with an 
attendant repetition of liie same t haia< ti nsiK s as helore, ahliough willi less 
violence. Finally at 3 5 jmi., tin anal)sis of the hath hi loie laj'pmg was.--- 
carbon, 0*26 pei cent . pliosphoius, 0023 per cent. The total lime taken 
during the- lieal was 3 houis 5 7 minutes, horn the commem »im nl ot i barging to 
the moment ol'tap]>mg * 

Reduction of Iron from the Slag. ! hiring the whole hheiaiion ol the^ aihon 
in Ihoieaclion e.x[)ressed by the formula ^ 


he/), -P iC - iCo -f- 3Fe 


the oxide of iron in the slag is rcdu< (.<! to sw< li the nu tal m the • barge. 'I'liis 
is one of the special features (jf the pro( I ss Kt fening to th'-< haig< No 12,^77 
mentioned above, the anal)sis of the slag 12 15 j).m gave 317.I p^r cent, ot 
iron and 12-20 |K‘r cent of silica ; at 3.5 p.m. -just belote tapping llie ciiarge - * 
the slag contained 9-06 per cent, of iron, 24-4 jier (xnt silu.paiHl jo-po pi i 
cent. lime. It is not slatul how miulfslag was point’d oil <iurmg liu jM:r^od, 
but w’halevcr the amount it would be inhir in iron than llial pivs'nl in the 
remaining slag, so that adi^tions of iron fr'^ui the sl^ig to tin Ifath aie not 
truly represented by the analy.ses gi\i n. I rom moie rn - nl ju.k to e, it u usual 
lo obtain from 107 lo io<S jier cent, of the nu.lal eharg'd, as a r* suit of the yield 
of iron from the oxulc in the slags. 'I'he slags ]ioure<l oft* < onlain from 9 to 12 
t)er cent, of iron m the form ot ferrous oxide. 'I'his slag is praelaally liee Irom 
metallic iron. 


' “journal Imii ainl S(i »I IiibUluk,” 19 '^)^ t, p 59- 
’ //W., p 63 * ' _ , ^ 

' “ Jourii.'il West of .Stoll.mh Iron aiijj Sutl Inaiiui*," \"1 xiii, pp. 75 o». 
‘ ‘‘Journal Iiou ami Sttel Institute,I, pp. 72 , 73 
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Chemical Changes in the Charge.— In Table XC.'.-the actual details of 
materials used for one charge and the time taken during the process, as well 
as the analyses of the metal and slags at different [teriods, illustrate clearly the 
rapidity of the process and the chemical changes which take place. 

Talbot Process. Cost of Steel in Ladle 

Output of Furnace. —With a .roo-ton furnace and equipment, an average of 
from 1200 to i.too tons of steel can he produced weekly for 45 weeks during 
the year. If non-()hosphoric |)ig iron be used, an output of 1300 to 1500 tons 
per week is obtained.' Although a furnace of the above capacity will jiroduce 
Irom 1200 to 1500 tons weekly, the lower figure is taken for estimating the cost 
of production, and on this basis the annual output will therefore he 1200 X 45 
= 54,000 tons of steel. 

Cost of Furnace and Equipment. —With reference to the r^ost of furnace and 
equipmint for working the Talbot continuous process, Mr. 'lalhot stated" that 
the capital cost per tor capacity for his furnace would be probably less on a 
large plant, and in any case would not he .‘.lore than for, say, a modern 504011 
American fixed open-hearth furnace plant. As it would require two 504011 fixed 
furnaces at a total equqimeiit cost of /' 47 . 7 °° (see Chapter XX.XllI, p. 366), to 
produce 1200 tons of steel per week, the cost of one 200-1011 Talbot lurnace 
with equipment would he, accoiding to Mr. Talbot’s estimate, approximately 
This figure is, of course, subject to variation according to the local 
and other conditions of site, but is taken as a basis of calculation. 

Taking 10 per cent, for depreciation and '■ per cent, for interest on capital, 
the annual chaige = 15 Jicr cent, of /47,7oo = ^7155. 

.'. Charge for depreciation .and interest per ton of lujuid steel 

= 7^55 ^ 24 . 8 ,/. , 

54,000 

Cost of Repairs.' —The cost of repairs to a Talbot furnace can only be t.akeii 
approximately, .as it varies accoiiling to the working of the furnace. Since Mr. 
Nkrtm gave the cost as 53-3 cents. (21/15,/.) jicr ton of .-.teel melted,* much 
cxperfeiice h.as been gained in operating the furn.aces. .As much as 43,000 tons 
of steel have been obtained froina 200-toii Talbot furnace before being put out 
of commission for repairs. The rapidity also with nhich the repairs arc now 
effected differs from the slower methods in vogue several years ago. If, for 
instance, the furnace roof falls in while the metal is in the bath, the whole is 
allowed to cool (metal included), anil a gang of 30 to 40 hricki.ayers is set on 
the job, pulling down walls and ports, and rebuilding - the whole being carried 
out in a few days. The furnace is then gradually heated, and the solid metal 
melted. 

• .\pproximately, the cost of repairs may be set down at 2S. per ton of steel in 
the ladle." j 

Cost of Fuel. —Mr,.G. A. Wilson has stated” tuat not more than from 5 to 6 
cwts.' of coal per ton of ingots were required at the Largo Fleet jilanl in working 
the 175-ton Talbot furnace. The gas was produced in Talbot producers. Figures 
recently obtained o.' coal consunqition in American practice with the Talbot 
process show a consumption of 480 to 500 lbs. of coal per ton of steel produced. 

* “ Stahl und Kiseii,” vol. xxx, p. 6l. 

’ “ Jouinal West of Scotland Iron and Steel Iivslilute,” vol. \m, pp. 90 -9S. 

* 'I his'doc^ not inchuU* cost of mixer. 

* “ Journal Iron aiul Steel Institute,” if^ 3 * ^ P* 75 * 

* “Journal West of Scotland Iron and Steel Instilule/’ vol. xiil, pp. 75--S2. 
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Hughes producers were being used for the production of gas. Taking coal at 
loriper ton (although in some districts it can be purchased two or three shillings 
below this figure), the cost of fuel per ton of steel in ladle = 2s. id. approximately. 
Oil fuel and natural gas are used where they can be obtained at a lower cost than 
coal. 

Cost of Labour.—With a thoroughly equip[)ed plant for handling raw matenals 
rapidly, no more men are required to operate a 200-ton Talbot furnace than ate 
require'd for a modern open-hearth fixed furnace of 50 to 60 tops capacity, using 
partly liquid chaiges, and as the output of the former is considerably greater, the 
cost of labour per ton is much less. The following men are included in the wages 
bill for the double shift, the rates being American 

2 meltcrs @ 2or. each per day. 

2 second hands @ iqr. each per day . . . 

4 third hands @ pr. each per day .... 

2 charging machinists (y) lor. each ))er d.ay . 

4 helpers at @ 6r. each per day .... 

4 casting-pit men @ t2r. eat^h per'day . - 

4 crane men at 12r. each [Xir day . . • 

2 gas makers @ 8r. each |x;r day .... 

8 helpers (handling coal and a.shes) @ 6 s. each per 

day .. ■ ■ ■ 

2 loco, ladle men (taking metal fiom mixers) (a) 8r 

each per day. 

2 mixer men (1$ i4r. each jK’r day < . . . . 

4 helpers @ yr. 6 d. each per day. 

2 ladle men t® 8r. each ])er day. 

2 pouters @ 1 2 S. each per day ...... 

12 labourers (handling scrap, ore, lime, limestone, 
fluorspar, etc.) («j 5i. 6 d. each per day . 

2 loco, men removing slag (<<! 8i. each per day 
8 helpers (<i) 5r. 6 d. each |ier day .... 

2 chemists @ e.ich per day. 

Total wages per sljift of 24 hours . . • 8 o 

.•. Cost of labour per ton of steel = ^ ' j2oo ~ 

mately. 

There are other expenses of labour, such as electrician, firemen at boilers, 
weighhridgemen, storemen, etc., which are not included in the .above, hut would 
add a little more, making, say, 3^. .as the cost per ton. , . .. , 

’ Cost of Raw Materials.—l ire following figures are taken for the materiats 

charged into the furnaij.e:— 

Pig iron .... (® 5°^- ‘o’’ 

Mill scale and iron ore («! 2 or. 

'Lime.(''* lo-'- >> 

Fe.rro-manganese . @ 20or. „ 

The raw materials used to produce 100 tons of steel in the ladle are 
approximately:— 


iC’ 

8 

10 

16 

4 

6 

16 

4 

0 










399 


THE TMLBOT CONTINUOUS PROCESS 

* . . L‘ i. 

95 tons of pig irpn . . (}) 50J. = 337 10 o 
*5 11 11 stale . . «i 20)'. = 25 o o 
6 „ ,, lime . . . ('«' lox. = 300 
4 ton „ ferro-inanganese ui' 2ooi. = 500 

Cost of raw materials . . . /'270 10 o 

Cost of raw Siatcrials per ton of steel prodiVed - ai>pro\imately 141-. 
No allowance is made for aliiminiiiln or ferro silicon for “ killing " the metal, 
and no deductions are made from the ab»ve cost for the value of the slag sold 
as manure. 


Summary of CostB. 

Per ton of liqt;id steel produced in 200-ton tilting furnace working on the 
Talbot process. 

Cost of plant, /^47,7oo, * 

C J. 

Depreciation and inulest.o 2 .S 


Rc]rairs.020 

Fuel.023 

Labour.'..030 

Maji.agement expenses.016 

Raw materials. 2140 


Total cost per ton of liquid steel . . . ^,'3 5 5 

The opeialing costs are very low conrpaied with other furnai cs of large 
output. 









CHAPTER XXXVl 


COifFOSmON OF CHARGES EMPLOYED AND ANALYSES AND 
USES OF STEEL PRODUCED IN THE OPEN-HEARTH PROCESS. 

The materials used in the open-hearth furnace include pig iron, scrap iron, 
scrap steel, ore, scale, carbon, lime, limestone, fluorspar and other fluxes, spiegel 
and other ferro-alloys. ■ Both solid and liquid pig iron arc used, hut the scrap 
steel and iron are added in the solid'state. 'The proportions of pig iron to scrap 
differ according to the method of melting and ref.ning employed. The amount 
of ore and scale used depends upon the oxidation required. Fluxes of limestone, 
lime, fluorspar, and metalliferous slags are used according to the amount of 
cleaning necessary in the metals, and in both the acid and basic processes the 
removal of impurities proceeds on much the same lines. The analyses of the 
pig irons and scrap used are limited only by the kind of furnace lining employed, 
phosphoric pig iron and sera]) being melted in the basic-lined furnace. Steel 
scrap or wrought iron cannot be used alone, as there are insufficient reducing 
elements in them to promote oxidation by the action of the gases in the furnace. 

Pig Irons. —In the section on pig irons, p. 14, Table X, are given analyses 
of pig irons suitable for the acid open-hearth process, which may be taken as 
typical, many varieties of pig iron being used. It is, however, necessary, 
in using any brand of [lig iron, to see that both jihosphortis and sulphur arc 
present in very small jiroportions only, as their removal in the acid process is 
possible only to a limited extent, and even then with dilficulty. In the pig 
irons referred to in Table X, the jihosphorus and suliihur vary from 0-02 to o-o6 
per cent, and o'or3 to o'o5 per, cent, rcsiiectively; but sometimes pig irons are 
used which contain higher percentages of these elements, and in such cases it is 
usual to mix better brands with the poorer qualities, and to see that the amount 
of phosphorus and sulphur in the scr,ap are within reasonable limits. 

With regard to the pig irons i-scd in the basic open-hearth process, the 
silicon .ii.d sulphur (particularly the latter clement), should be as low as possible. 
In the list of pig irons given in Table IX, p. 13, is to he found a fairly typic.al set 
of analy.ses, although the .analyses of basic pig irons used in the basic open-health 
jir.icess arc perhaps more varied than those of any other class of pig irons. 

Scrap! —All kinds of scrap steel .and wrought iron are used in the open- 
hearth processes, and quite a large tnadc is carried on in selling bundled and 
compressed light steel ])l,ate, hoops, steel turnings, and other miscellaneous 
kinds of scrap for remelting in the open-hearth furnace. It is in the use of 
miscellaneous scrap‘of this kind that sometimes troublesome material, such as 
tinned and coppered sheet iron, or other injurious scrap materials, find their 
w.ay into the furnace. Before merchants bundle and compress scrap, an exami¬ 
nation is made, as a rule, and ohjectionahlc sciap is' removed. Bight scrap, 
unbundled, is'also used very largely, and consists of all kinds of wrought iron 
and steel iilatc cioppings, iiunchings, and scrap of all sorts, sometimes very dirty, 
and containing undesirable materials. Larger scrap, such as billet ends, old 
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rails, heads from castinj^, steel works and foundry scrap, miscellaneous old steel 
castings, ingot moulds, and specially selected scrap, find their way into the open- 
hearth furna^ce, the medium-siA;d scrap ht’ng more reliable as a rule. Very 
heavy scrap, in the form of old steel castings, several tons in weight, is cliaiged 
into furnaces where the tops can be removed; but this kind of scra[) is undesir¬ 
able for rapid melting. • 

Proportion of Pig Iron and Steel Scrap.— 'I'here is no ficed lule as to 
the proportion of pig iron and steel scrap which should be used 111 thc^vpen- 
hearth process, 'niesc are determined very larifely by the prices ol the |iig non 
and scrap in the locality, and by the ffiicture used m melting, whethei the 
charge consists almost entirely of jug iron<ind scrap, or whelliei pig iron and on' 
are m excess of scrap steel. In some districts scrap steel is I'lieapei than pig 
iron, hence it is used more abundantly. The price of scrap, howevei, thietiiates 
considerably. Carl Dichmann,' in referimg to the' pig anil scrap pioiess in the 
basic oiien-bearth furnace, states that m the real ]iuiely pig and si rap process it 
Is sought so to rc'gitlate the ipiantity ol the redin ing agents wlm h are added to 
the charge in the foim of pig non that they contain evarlly the b.daiiee for the 
oxidising ai tion of the llame, and the i iiiplpyiiu nt of lafge c|uanlitics ol oie is 
not rci|uisiie. If this has been vjell adjusted, the londitions for the best woikmg 
results have been created. 

'I'his iiiiiuiple was tlie main h .itiire of the Martin process, which, ,is is well 
known, consists in adding additioijs of sciaji stei l to pig iron |iievioiisly melted 
in the open hearth furnace, until a balance ol elements prodiu ed the slei I leiiuired 
through the |arlial oxidation of the im|iurities in the combined met.il. 

Charges consisting of |iig iron and scrai> to Itillil approximately the above 
conditions necessitate the I'arefiil ?eleclion of si rap ; hut the lime rei|uired to 
produce each heat is reduced very considerably, and for many cl.issi s ol sti'i'l 
the results are entirely satisfactoiy. In this (ountiyand in Amerua pig iron, 
scraji, and ore 1 barges are more geneially used lhan jug iron and m lap steel 
charges only. 'I'he most (bmmon proportions of mati iials used m the ordin.iiy 
pig iron, scrap, and ore process .ire ^5 to 55 per cent of ].ig iron and 75 to 65 
per cent, of scrap steel, with just sullicieiit ore or iiiill scale to produce the 
oxidation reijuirc'd.* • » 

Uses of Open-hearth Steel iVuh the exception of steel fm ihe ma'iufac-* 
ture of which the crucible furnace and perhaps small sinfai e-blown llessrmer 
converters only arc adapted, the open hearth Iflrnace is capable of piodiu mg 
steel for all classes of work where 1 ast, forged, and rolled steel are reiiuireil. 
Some claim that steel for small, intricate 1 astings, such as were foriiieily made 
exclusively by the crucible jirocess, can be made with eiiiial Ihiidity m small 
open-hearth furn.aces. Tor green and dry s.-did castings, such as .irc*clas_,sified in 
Chapter XXIIl (“Materials used in Small Bessemer Converters"), 1 able I.XII, 
there is no (piestion that most of the hghtc'r castings, if not all, r an be produced 
from steel made in small Siemens furnai'es, where high heats aie obtamablii. 
Heavier castings of all sizes and weights at present used for industrial,and engi¬ 
neering concerns can be maiic also from stet^ manufactured in open hearth 
furnaces. ♦ 

The grades of .steel given and the analyses of the materials used in the cast¬ 
ings referred to in Chajiter .XXllI are also applicable to opiai-hearth steel. 

The open-hearth furnace is not, however, limited to the jirodiirtion of steel 
for castings. Ingots for ship and boiler jilates, rails, girders and steel sections, 
wire, tubes, as well as heavier work such as armour jilales, gun lubes and forg¬ 
ings, marine crank and tail shafts, and* many other [uirposes, form a very large 
proportion of the world's output of ojien Uearth sUi 1 . ' In Tabh' .X(T are given 
' Uichlnann, “ llic liavie Ui>t;n hunrlti Steel I'rutess,’’ g 2,rS 
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Purpose for which steel is rcriuired. 


2 

3 

4 

5 

6 

7 

it 

9 

10 

11 

12 
>3 
>4 

>5 

16 

17 
■ 8 
>9 

20 

21 

22 

n 

24 

25 

26 

27 

28 

29 

30 

3' 

3» 

33 

34 

35 


An»I)kis 


Railway rails— 

(Bull head). 

(Flat bottom). 

Railway rads , . . . • 

Railway rails. 

„ (Sandberg process) . 

II (Manganese stecB . 

„ (Titanium steed). . 

Tramway rails. 

Loco crank axles . . • • 

Axles and shafts . . • • 

Railway tyres. 

»» tt . • • • * 

Tramway lyres. 

Railway wliceh, forged or 
rolled carbon steel 
Railway wheels, forged or 
rolled carbon steel 
Wagon draw hooks * . 

Bars for— 

Laminated springs . . 

Volute and spiral springs 
Laminated springs . . 

■f 

Volute and spiral springs 
Spring steel (high sdicon). 
Structural steel .... 

Eye bars for bridges' . . 

Structural nickel steel— 

Rivets. .. 

I 

Plates and shapes . . • 

Bars and rollers (unanneakd) 
4 ' Bars and pins (annealeil) 

Piston rod 5 and connecting rods 

I 

Steel shafts (large) . . . • 

Gun forgings. 

Tube steel 

Billets for wire rope , . • 

Boiler firebox steel . » . • 

I'inplate bars .. 

Stamping steel * . . • • 


Acid or Basic. 

C 

Si 

Mn 

P 

<# 

A 


A 

/» 

Acid or Basic 

o' 35 -o -50 

0*1 max. 

0*7 -ro 

0*075 

t> 

jt 

0-35 o'so 

0 46-075 

o'l max. 

0*2 max. 

o'7 -ro 
06 -o'9 

0'07max. i 
0'04 max. | 


07 -0'8 

O'OS 0'2 

0 8 max. 

0'03 max. 

- 

o’ 65 min. 

0*2 -0'4 

0'9 max. 

0'c6 max. 

- 

ro min. 

- 

rro -I4'0 

01 max. 

f 

< 

Acid or Basic 

q q 

0 q 

O’l max. 

o'7 -ro 

0'c8 max. i 

1 

Acid 

0-25 0*32 

0'2 max.* 

I 0 max. 

0 035 max. 

— 

o’6 max. 

- 

0'4 0'8 

0'05 max 

Acid 

Acid 

o'56 -060 
06 -97 

0 65-075 
o'6 -0 8 

0*2 

0 25 max. 

0*2 

o-i 5 -o *35 

0-75 

0-7 

09 -i-i 
0-55-0-s 

0*028 
o'o5 max. 

0*05 max i 

■ Basic 

0 65-0-85 

o'l -0*3 

0-55 oS 

0 05 max. 

Acid 

O'15-0*25 

o'oS'max. 

0*5 -ro 

0 08 max. 

_ 

0-45-07 

O' 10 max. 

ro max. 

0 06 max. 

Acid 

07 -ro 
0-55 0-8 

O'12 max. '' 

0'8 max 

” 1 
0-035 

Basic 

0-8 -1-3 
0-7 

0-25 

ri?7 

0'02 

"•325 

0-5 

004 

_ 

0 25 

0'12 

0*32 

0 02 

\cid or B-sie 

0 3 max. 

— 

0 6 mix. 

! Aciil o'04 m.ix 
; r...sic o'o3 in.tx 

„ 

0'45 m.rx. 

- 

07 max.' 

; .\cid 0 05 max. 

; ll.i'ic 0*04 max 

.. 

It 


” 

ti • 


0 ' 26 - 0'34 

o'i5 max. 

o‘6 -0 8 

0*05 max. 

Acid 

Basic 

ro — 

bob 

O'l 

O'l 

0 00|-0’0I2 

0-65 0-70 
0-5 -0-8 
0 43-0-46 

0*028 

0*03 

0 012 

Acid or Basi 

0-65-0-75 
: o'i2*-o'25 

— 

o '3 -o'S 

0*025 

Acid o*a4 max 
Bade 0*035 max. 

Basic 

6*12 

0*1 

0037 

0'412 

0*33 

0*047 

0007 


* Bars hardened and annealed. 
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Meclianiait te&ts. 



1 en-irity 

blasltc Unlit : 

• 

s 

% 


'1 ons per 
»q 111. 

T»«s per 
sq. m. 

Kloinjalioo.^ 






0*08 max. 

- 

38 45 

- 

15”' on 2” 

• 

0*07 max. 

— 

40-48 

- 

• 5*0 






0*07 max. 

_ • 

- 

- 

- 

— 



• 

• 

— 

0*1 % Ti 

— 


12 , on 2" 

0’o8 max. 

— 

40 min. 


0*035 max 

As 0 03 %max. 

2*8 32 

50 „o( ten- 

25"; on 3" 



iilomiii 


0*05 max. 

__ 

38 

22 

22% on 2" 

0*03 

— 

50-55 

— 

14 18% on 2' 

_> 

— 

— 


— 

_ 


54 


8% .111 2" 

0*05 max. 

— 




0*05 max. 

- 



- 

0*08 max. 

- 



— 

0'o6 max. 

^ “ 

45 - 5 " 


- 

»• 

— • 

• 



0 035 max. 

As 0 02 max. 






— 


-- a 

0*04 


30 

— 

23% on 8” 



Ni r45 



29't5%on 12 

0035 


(.r 1*3 > 

43'2 

362 


V 017 ) 




0*04 max. 


Vi 3'25 min. 

3 >’ 2-35 7 

20* I min 


,, 

■ 

39 -44 <1 

22*3 

- 


,, 

42 4 49 'I 

24*5 min. 

* - 

>> 

i> 

40 2 47 

23 2 min. 

— 

0*0$ max. 

it As0*05 11 ox. 
\Cu 0 10 max 

1 

• 

— % 

0'026 

— 

3 ‘ 

15H 

30% on 2” 

0*03 

— 

40 

24 

20% on 2 

0*02 

— 

— 



0025 

- 

- 

- 

— 

o‘04 max. 

Cu 0*05 max 

23 ' 2-27 7 

05 of tensile 

— 




• 


0*017 

0*019 

Ti 0’2I 

20 

16-5 

40% on 8" 

- r - 


iKc'iiictioi 
•if urcA 


^5 

45 

30 


52 ‘i 

40 min. 
35 min, 

35 

40 44 


p. 82; 7, “Journal Iron and Steel Instil^e,” 191!, Ii p. 653 ; 11, 
•od 69; 31, “Journal West of Scotland Iron and Steel Institute, 


^ 6-4 

“ Jiji 

vol. II, p. 58. 
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the chemical analyses and mechanical tests of some classes of steel made by the 
basic and acid open-hearth process. , . . ^ • 

Typical Charges and Analyses of Materials used in the Acip and Basic 
Open-hearth Furnaces.—The following charges of materials for British, American, 
and German open-hearth steel, are indicative of what is used for the purposes 
named against each charge, but arc subject to considerable variation in different 
works in each of the countries named. 


Charge i .—Acid Pig and ScraJ) Prccess 
Steel for Bridge construction.* 

Materials used in charge— 

I’ig iron (cold) . . . ■ 

Scrap steel (sheet) . . 

Scrap steel. 

Iron ore.. • ■ . 

Ferro-mangancsc (40 % Mn) 


3 k tons ] 

3 i » ( 
3i >' 
k ton 
3qo lbs 


Materials 

charged 

solid 


Analysis of Charc.f. af Diffikf.nt 


ri'.RlOnS DURING THE HEAT 


Time sample taken. 


Average of charge. 

7 hours after chiiiging. 

9 hours after cliarging and after addition ofoies . 
Aftci a<Mitionsof KeMn. 


c 

S| 

Mn 

P 

0) 

Cu 

% 

Vo 

% 



% 

■■ 

1*3 

077 

128 

o'oS 

0-05 

0‘II 

0-8 

035 

0’20 



— 

0'07 

001 

I lACC 

— 

— 

— 

o’iS 

004 

0-30 

o’o8 

0*05 

0*il 


. Charge 2.—The following* is an average ch.irge out of. 10 consecutive heats 
■of o'fco pel cent, carbon steel made by the Carbon Steel Co., Pittsburg. 

Acidi-Pig and Ore J’laccss 


Materials used in charge— 

Pig iron (carrying 1-4 sand) . 

Iron ore.• 

Kccarburiser. 

Steel produced. 

Loss.. 


60,000 Ibs.i Materi.als 
13,500 ,, )■ charged 
400 ,, ) cold 
60,000 ,, 

400 „ = o'7 % 


Analysis of pig iron : (', 3'S per cent.; Si, i;6 [ler cent. 

„ ifon ore ; Fc, 67-54 per cent.; Sitb, ry5 per cent. 
Recarburiser—Ferro-manganesc, 80 per cent. Mn. 


Charge 3.—The following’ is an average charge out of consecutive 
heats of o-io per ce'nt. carbon steel made by the Pennsylvania Steel Co., 
Stcelton, Pa. , 

' “ Stahl und Eisen,” vol. xi, p. 709. „ 

' “Journal American Institute ol Mining Engineers,’ vol. 22, p. 49*. 

• UiJ., p. 496. > 
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* Acid Pij' IT lid Scrii/i Process 
Materials used in charge— 


Pig iron (carrying I'S % sand) . . . 

Scrap. ii ■ 

Scrap . 

Recarburiser. 

Ore . .*• 

Slag.. . . . 

Steel produced., • ■ ■ 

Loss. 


11,947 llis.\ 
io,()6o „ 1 
34,■'*94 „ i 

300 

1,000 ,, 

4.133 „ ' 


Materials 
< barged 
cold • 


55,307 

2,193 ., --4'3 % 


Analysis of pig iron : C, 3-5 jrer cent.; Si, 26 i)er cent.; Mn, fit percent. 
„ sera]): (',013 percent.; 81,002 percent.; Mn,o35 percent. 
II ii, C, o’.t per cent. : 81, 0 07 pel cent. ; ,Mn, 100 per cent. 

Sand used for repairs .... y 70 lbs. 


Charj^c 4.—Tlie following' is an average charge for steel castings having the 
following analysis:— ( 1 , 024 pera:ent. , 81,039 percent.; Mn, o,Si percent.; 
P, 0'049 per cent.; S, o'o33 per cent. 


Acid / 

tg and Scrap Prowss 


Materials used m charge— 



Pig iron. 

.3000 lb. 

Materials 

Various kinds of sera]! 

. 92 «o „ 

chari'cd 

Iron ore . . a . . 

. . 300 „ 

<old 

Sand. 

.^00 ,, 


t'erro-manganese . . 

130 „ 


p'erro-silicrvi. • 

80 „ 

• 

Aluminium . . ■ 

. • • • 2 ,, 

. • 


r to 


2 per cent. •, P, o'o.) [ler cent.; 8, 0 035 [ler 


Analysis of pig iron: Si, 

above charge is said to be worked off ni 3.^ hours, 'riio fiirn.ace 
capacity is 7 tons, and it is fired with oil, the consumption of whicli is 50 gallons 
per ton of steel made. • . 


Charge 5.— I he 
struction. 


following ' IS a charge for steel suitable for bridge con- 
Pmfe Pig and Scrap troccss . 


Materials used in charge— 

Pig iron. | Materials 

Bessemer rail ends ... ■ ■ ^ w ” ( charged 

Iron ore.. ' ' ’ ^ 

t'erro-manganese (40 "f, Mn)^. . . . no „ 

I " A Modern Wisconsin Steel Poultry,” “11,.. Paun.lty,” Nov., 1911. 

> " Suhl und Pisen,” vol. xi, p. 709’^ 
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The following table gives the analysis of the material, during different periods 
throughout the heat:— 


■ 

C 

St 

Mn 

P '1 

s 

Cu 

Time sample taken. 

% 

% 

% 

% 1 

1 

% 

% 

AveroKC analysis of charge at start. 

I'48 

032 

1'37 

1 ^ 

0*09 

0034 

0*11 

Analysis 4 hours after charging. 

0’82 

001 ! 

0-37 

006 

0030 

0*11 

,, * 5 hours 10 minutes after changing , 

0*09 

0005 

0-35 . 

003 

0030 

0*11 

,, after additions of FcMn. 

015 

0009 

0-53 

004 

0-023 

oil 


Charge 6 . —The following charge is typical of modern German works practice 
for steel for structural sections, angles, tees, etc. 

Basie Big and Scrap Process 
Materials used in charge— 

Pig iron (mixed).tt,ooolbs.\ 

Old ingot nioultb; (hematite).3,360 ,, 

Rolling mill scrap (ends of joists, chj nnels, Miterials 

bars, and billets). 40,000 „ 

Iron turnings (chips).6,720 „ 

Miscellaneous steel scrap, forgings, pressed 

tubes, etc.; • 29,000 „ 

Lime. r,6oo ,, / 

Ferro-manganese and ferro-silicon, according to carbon required, added to 
ladle. ' 

The above charge is taken from actual practice. An average of S heats of 
33 tons each is obtained every 24 hours from fixed furnaces charged with electric 
charger. 


Chaige 7.—The following charge is typical of modern English practice for 
steel for wire rope billets, containing C, o-65-o'75 per cent.; P and S, o'o25 
per cent. , » 

Basic Big and Scrap I’racess 


Materials used in charge— 

Pig iron . . . .' . 

Selected steel scrap 
Compressed bale hoops 
Crop ends of billets 
Coal added to furnace . '. . . . 

Mill scale. 

Fluorspar. 

Lime . . •.'. . . 

cT'erro-silicon (60 % Si) ... . 

J'erro-mangancse (8cP% Mn) . . 
Aluminium. 



22,400 lbs. 


28,500 

300 

2,250 

340 

160 
3° 
‘ 59 

5 


Materials 
J charged 
cold 


’ I Added to 
” C ladle 


Analysis of pig iron, C, 3 25 to 3 5 per cent.; Si, 2-0 to 2’5 per cent.; Mn, 
1-5 to 1-8 per cent.; P, r o to 1-5 per cent.; S, 0 03 per cent. 

The scrap is charged after the pig iron, and not all at the same ^yt over 
a period of a few hours. Old metalliferous slag is frequently used in addition to 
lime in the charge. 

Charge 8.—The following charge' is typical of modem English practice for 
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• , 

best quality low carbon steel for billets containing C, o'li to o'i5 per cent.; Si, 
trace; Mn, 0 3 to o'35 \)er cent.; 1 *, 0 04 jier cent.; S, 0 04 per cent. 

^ BiisiL rig am! .'iriip Prcucss 


Materials used in tlie charge— 

Pig iron (mixed) .... 
Scrap (old heinalile iron) . 
Scrap (light, selected) . . 
Coal added to furnace . . 

Fluorsirar. 

l,\me . 

Silicon pig iron (12 Si) . 
Fcrro-manganese (80 Mn) 
.Muminium. 


8,500 lbs. 


.* 15,000 „ 


11,000 ,, 

Male! ials 

. , 1,000 ,, 

chaiged 

34 ° „ 

cold 

130 „ 


'5 .. • 


1«5 n 

Added to 

2' „ 

ladle 


Analysis of pig iron : C, ,vo to 3'3 pel cent.; Si, o S to 2 5 p< 1 cent.; Mn, 
I’5 to 2'o per cent.; P, I'o to 175 per cent. ; S, 0 025 to o 07 per i cut. 

Scrap is added after the pig non, and at iiiterv.ils during the melt. Old 
metalliferous shag is used in the chay;e for Jinxing. * 

Charge g. -'I'lie following iftilil steel < barge ' shows the details of progress of 
the heat Iroin time of charging until material is t.iiiped into ladle. The limshed 
Steel contains, C, o 15 [ler cent.; Mn, o'45 percent., P, o 05 [ler cent,; S, o’oig 
per cent. 

Time. 

9-55 


11.55 a.m. 

3,45 p.m. 

4.0 p.m. 

4 40 i).m. 

5.15 p.m. 

0.5 p.m. 

6.30 p.m. 

0 45 [i.m. 

7.0 p.m. 

7.8 p.m. 

7.50 |).m. 

8.8 p.m. 

8.20 p.m. 

Weight of ingots olilainerl. . • . io.tons i»cwts. 2 qrs. 

„ scrap .. 3 

Additions during working - , 

Pottery mine ... . , . 19 c«t,. r qr. 

Limestone ... • .35 V ° ” 

Lime . . . ^. ■ ■ b ,, o „ 

Calcium chloride (dry) .... 3 ,, 2 qis. 

‘ “Journal West of Scotland Iron an^l Sled Instiiutc," vol. VII, p. 121 


Materials 
( h.irged 
c old 


Baste J'tg and Scrap I'nness 

Commenced charging. 

Pig iron .... ■ . 17,020 Ills. ■ 

Scrap steel . . 11,720 ,. I 

l,imestone . . . 2,240 ,, j 

I’Httery mine. 1,232 ,, 

Finished 1 barging. 

Melted. 

Melting sample taken and i cut. of calcium thloiide added, 
followed by limestone and a little lime. • 

1 1' cwts, calcium chloride, and limestone uith .1 little [Mtterjf 
mine added. ^ 

Sample of metal and slag taken. 

Limestone and pottery mine added. 

•Samjile of metal and slag taken. 

'I cwt. calcium chloride add^d, and one barrow of lime. 

Sample of metal taken. * • 

4 iiieces of No. 3 grey pig iron .added. 

Sam[)le of metal taken. S = 0'022 |ier cent. 

2.) cwts. of Spiegel added. ' • 

Charge tapped. 43 Ihs. of 80 ^,er cent. FeNfn addeiito ladle. 









4o8 


LIQUID ^EEL 


Average analysis of pottery mine:— 

Fc-Oj FeO S Si Mn02 Al ,03 P 

61-72 9-69 i'02 1-02 4-18 2-13 0-58 per cent. 

The following are representative of modern basic oixin-hearth furnace practice 
in molten iron charges in part and as a whole. 


Charge 10.—The following'*is a typical charge of the Dominion Iron and 
Steel Co., Nova Scotia, from a 50-ton turnace producing ingot steel for rails 
containing C, 0-57 per cent.; Mn, o 84 per cent.; P, 0 047 per cent.; S, 0-04 
per cent. 

Easic Molten Pig Iron and SeraJ) Proecss 


Materials used in charge ;— 

Open-hearth .steel castings. . 17,050 lhs.| 

lilooming mill crop ends . . 27,200 „ I 

Molten pig iron from mixer . 43,900 „ 1 

„ .. • 3 °. 90 o „ I 

Iron 01 e.r 1,000 ,, 

Marble mountain limestone . 25,300 „ 

Routledge limestone . . . 5,9oo , 

Iron ore. 500 „ , 

Fluorspar. D5°o ,, / 

Ferro-manganese. 1 . 55 ° .. 1 

Ferro-silicon (50 % Si) . . 350' ,, 

„ (ro % Si) . . 300 „ 

Coke dust. 640 „ 


Charged cold 

.Added about 3] brs. after 
first scrap was charged 


.Added during the beat 


.Added to ladle 


Time taken, 14 hours 10 minutes. 


,, Charge r 1.- The following ' is a ty[)ical charge of imld steel produced by the 
lloesch process at the Hoescb Works, Dortmund, Germany. 

Ingots contained, C, o-o8 per cent.; Si, trace ; .\In, 0 47 per cent.; P, 0-04 
per cenb ; S, 0-067 P^r cent , 

paste Molten Pig hon and Ore Pioctss 

Materials used in charge — 

Lime (87-55 CaO) . . . '.4,143 lbs.| Charged 

Swedish ore (58-92',’;, Fe). 7 , 5 ^- >> 1 I’elore 

Rolling mill scale (76-31',') Fc). ',697 „ j pig iron 

Fluid pig iron (C, 3-28";,; Si, 0-32%; 

-.Mn, 0-9')); P, 1-86%^; S, o-r32';)) . . 51,311 „ 

!n about ai hours'*after charging, the con'ents of the furnace are poured into 
a laille and the*slag jroured off. hicanwliile the following materials are charged 
into the furnace, af(er which the contents of the ladle are poured hack into the 
furnace;— 

Spathic ore (48-86 ','0 Fe; 9-56 % Mn). 

Scrap steel (99-46 % Fe). 

Lime (87-55 Cat)).- 

' “Cnm'lian Mininp; Insiilule Journal,'’ vol. X. 

* ‘ Iron and Coal liades Kc\icw,” vol So, p. SS. 
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During the second ^riod of the heat, the following additions are made at 
different intervals:— 

• • 

. Rolling mill scale (76'31 »' Fc) . . . . |I,s 
Lime (87-55 % CaO).35^ „ 

T, ” ” .i.vi M 

herro-manganose (82 Mil) *.),o 

Product, 66,008 lbs. sound ingots; 79a lbs. pouring w.isie; 10,206 lbs ist 
slag, 9058 lbs. and slag. 

Total time taken during heat, 5 hours 14 minutes. 


Chars;/ 12.—The following' is a typical cliargo of mild steel produced by 
the molten pig iron, scrap, and ore jirocess, in an ordni.iiy fised basic o|x-n- 
heartli furnace at the JulienhiiUc Works, (leimany. Del,ills ol Ihc piogress of 
the heat, from tbotinie of charging imlil taiiiiing, are giu-n. The fmislied steel 
contains C, 0 105 per cent. ; Si, trace ; Mn, o'.jj per cent.; 1 ’, o'o ;6 per cent, ; 
S) 0’035 per cent, < 


'rime 

11.20 a.iii. 


12.30 p.iii. 


Basic MolUn*I\^ Iron, Ssiap, sinJ O/c P/ostss 


I.iiiie" ... . 

Krivoi-Kog ore (<13 Fe) . . 

lion turnings. 

Fluid pig iron from mixer ((', 
3'di % ; Si, *-2 1 ; ,\In, 

2-1 % ; P, o-.(r ; S, 0-05 


2201 
I S .890 
I S,ooo 


70.7,30 


C.'liargcd cold 


3.25 p.ni. 
3.40 |).m. 

3 - 55 P-m. 

4.10 p.ni. 
4 20 p.in. 

4 - 35 P-'"- 
4.55 i).m. 
5.0 |).m. 

5.10 p.ni. 


815 lbs. lime added Charge all melted 
loSo ., ., and 5O2 lbs. oie adderl. Cli.irge begins to boil, 

'-34 >■ • ■■ ,, 750 I Cliaige boils lieely. 

462 ,, ,, added. 

371 •. ore „ 
f4<! ,, lime ,, 

= f '4 

363 ,, ferio iiiangaiiese .added, (di.iige ipiict 
Chaige tapped. • 


Product . . 87,036 lbs. sound mgols 

2,138 ,, tasting wa.ste 

Total yield . .89,174,, * 


98 06 

-'41 % 

100-47 % . 


Charge 13.—The following ihaige,' [irodiiccd by* the Talbot continupu.s 
process on .November i6lh, 1909, at the Cargo Meet Works in ine of the 
175-tun lilting furnaces, giics*liie materials useS and details of the inogress of 
the heat, from the lime of i hargiilg molten |iig iron to the bath of low torbon 
steel, until the operation is completed. 

* " Ittm ant! Ct'ii Tratlt s Review,” \m] So, p. 12*. 

^ “ blahl iiiid l.istii,” vul. XK\, ]) 6r. , ^ 
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o ‘ 

Talbot Continuous Process 
Time * II 

Ji.Soa.m, 120 tons low carbon steel in furnace, containing 6'i6 % C; 

o'oiQ % Mn ; o'046 % P; o’o48 % S. 

12.0 a.m. Furnace walls repaired and 8 tons of slag drawn off. 

12.20 p.m. 10,072 lbs. Gellivara ore and 4695 lbs. lime charged. 

12.30 p.m. 49,260 lbs. molten iron charged, containing 3‘65 % C; 077 % Mn; 

I '39 % Si; 1-66 % P; 0-044 % S. 
i.o p.m. 10,072 lbs. Gellivara ore and 4695 lbs. lime charged, 
r. to p.m. 49,260 lbs. molten iron charged, containing 0 93 % Si; ^56 % P; 
0-067'%S. 

1.30 p.m. 17,pro lbs. molten iron charged, containing 0-65 % Si; 1-60 % P; 

0-086 % S. 

2.25 p.m. 2248 lbs. Purple ore and 2800 lbs. lime charged. 

2.30 p.m. 2248 „ (lellivara ore and 1895 lbs. lime charged. 

2.45 p.m. 1895 „ lime charged. 

4.0 p.m. 2895 „ „ 

4.20 p.m. Composition of steel C, 0-21' % ; Si, 0-036 °/o i M'l, —; 

P, o-oii % ; S, 0-032 %. 

About 54 tons poured off into ladle. 

Added to ladle:—Ferro-nianganesc (So per cent. Mn), 84S lbs.; Ferro- 
silicon (50 per cent. Si), 112 lbs.; Anthracite, not given. 

Comjiosition of finished steel: C, 0-45 per cent.; Mn, 068 per cent; 
P, 0-033 per cent ; S, 0-04 per cent. 

Duration of charge between tappings, 4 Irs. 30 mins. 

to lad'-- 

.Charge 14.--Typical charge of rail steel fror * 75 -fi’'i tilting furnace 
(Talbot process) at the Cargo Fleet Works, Septembe'" 6th, 1909. 

Talbot Continuous Process 


Materials charged:— 

Molten pig iron added to bath of liquid low 
carbon steel in two stages .... . , • 

Iron ore. . . . • 

Rolling mill scale. . . . • 


Lime. 

Dross. 

Ferrjj-manganese (80 % M.i). 

Ferro silicon (50 % Si). 

Total yield of ingots, 128,3 


123,160 lbs. 

31.350 „ 

2,573 „ 
20,'53 „ 
6,190 „ 

I ,'20 „ 

167 


Analysis of pig iron: Si, t-15 per cent.; Mn, 0-63 p. » ent.; P, I'Co per 
cent ; S, o-t2 2 per cc-it. 

Analysis of finished steel: C, 0-59 per cent; Mn, 0-70 pet cent ; P, 0-044 
per cent; S, 0-063 per cent. 


Chart;c 15.—Typical charge of constructional steel from r75-ton tilting 
furnace (Talbot process) at the Cargo Fleet Works, September 7tb, 1909. 
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' Talbot Continuous Process 

Materials charged:— ' ' 

Molten pig iron added to bath of liquid low 


carbon steel in two Stages ....... 111,961 lbs. 

Scrap steel.. -1,!,')^ .. 

Iron ore. ... .50, .’20 .. 

Rolling mill scale. 5 ,i |9 .1 

Lime. .’.• . . . 17,914 „ 

Dross. >. 6,189 „ 

Ferro-manganese (80 Mn) ,._ 8|o „ 

Ferro-silicon (50 % Si) . i 7 ' 


Total yield of ingots, 120,: 10 lbs. 

Analysis of pig iron: Si, I'09 per cent.; Mn, o'(n) l>er cent. ; 1 ’, rS.i per 
cent.; S, 0-107 per cent. 

Analysis of linished steel: C, 0185 per cent.; Mn, o 66 per cent.; 1 ’, o-oj 
per cent.; S, 0-058 per cent. 












CHAPTER XXXVII 


THE DUPLEX PROCESSES 

The name “duplex" was given to the dual operations of partially converting 
iron to steel in the Bessemer converter, and finishing the conversion in the open- 
hearth furnace. The process was conducted first in Witkowit.!, Bohemia, in 
1878, and is carried out with success in countries where the jnaterials cannot be 
more economically converted to steel by the Bessemer or open-hearth processes 
independently. 

While in Germany the Hoesch or Bcrtrand-'l'hiel process has superseded 
almost entirely the duplex process, yet in America large plants have been installed 
quite recently where the Bessemer converter and open-hearth furnace are work¬ 
ing in conjunction with each other. 

Converter and Open-hearth Furnaces.—In Fig. atS is illustrated’ the 
arrangement of converters and mixers installed in 19 ii at the Saucon Steel 
Works of the Bethlehem Steel Co., Pa., U.S.A. This is perhaps one of the 
largest duplex plants, having all the latest improvements for handling the 
materials from the blast furnaces until the finished steel is in the casting ladle. 

The blast furnaces from which the metal is conveyed to the steel works are 
about li miles distant. The metal is conveyed in double-trunnion ladle trucks 
of * 3 . 3 Si and 40 tons capacity, and taken direct to the mixers, which have a 
capacity of 400 tons each. Outside the mixer building the metal is weighed on 
a 100-ton track weighbridge, and then pushed into the building, where the ladle 
is lifted by an overhead crane of 60 tons lifting power, the metal being poured 
into the mixer by a 20-ton auxiliary crane. The metal is conveyed to the con¬ 
verters in 25-ton ladle trucks, which are drawn along the platform on a railway 
track by means of a motor-dri-en rope haulage system, controlled by the man 
on the mixer platform. The distance from the mixer to the farthest converter 
is 145 feet. The converters have each a capacity of 20 tons. The position of 
the open-hearth furnaces in relation to the converters is shown in Fig. 219. 
The metal i§ conveyed to the open,hearth furnaces in ladle trucks, and afterwards 
handled'and finished in the ordinary manner. 

Other plants have been installed recently, but notably the duplex process 
plant at the Tenessee Iron, Coal, and Railroad Co., U.S.A. 

Open-hearth Furnaces and Electric Furnaces.—In several works in different 
countries the electric furnace is used in conjunction with the open-hearth furnace. 
The plant consists of a fully equipped modern open-hearth furnace (fixed or 
tilting), from which the semi-refined charge is tapped and poured into and 
refined in the electric furnace. The metal is generally taken from the open- 
hearth furnace in a ladle suspended from an overhead crane, and tipped into 
the electric furnace by an auxiliary crane. The refined charge is poured or 
tapped from the electric furnace into a ladle suspended by the same crane, and 
afterwards taken to the moulds and cast in the ordinary manner. The size and 
number of open-hearth furnaces necessary to work in conjunction with an electric 

' “Iron Age,” 1911, p. 784. 
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Fig, 2i 8—Cf-nvcitcr Plant at the Sattcon Ste«l \\«rks of the Bethlehem Steel Co., working in conjcnction with Open-heaith Furnacee. 
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furnace depends upon the durations of the operations 'n each furnace. If, for 
instance, the refining in the electric fujjnace takes an average time of i hour per 
heat, and the capacity of the furnace is 5 tons, two so-ton tilting furnaces working 
on the continuous melting principle would be necessary to keep one electric 
furnace going constantly, that is, tapping 5 tons every i to ij hours from each 
tilting furnace alternately. 

Steel is also refined in electric furnaces, after being partially converted in 
the Bessemer converter. The arrangement of converters and electric furnaces 
is similar to that of the open-hearth and electric furnaces, the Bessemer con¬ 
verters being placed in the position occupied by the open-hearth furnaces. 

Triplex Steel Process.—The name “Triplex” has been given to an arrange¬ 
ment of furnaces in which the manufacture of steel from molten iron is con¬ 
ducted in 3 stages. One method adopted is to take the metal from the blast 
furnaces and partially refine it in an acid open-liearth furnace, then in a basic 
Bessemer converter, and, lastly, in a tilting open-hearth basic furnace. If, how¬ 
ever, all the operations of refining are considered in the ordinary molten pro¬ 
cesses, including (i) that which goes on in the ladle during transit from the blast 
furnace to the mixer, (2) in the mi-cr, an;^ (3) in the subsequent furnaces, the 
name “ multi-process ” would have to be applied. 

In view of the variety of methods of manufacture, it is necessary to consider 
carefully all the conditions affecting the particular kind of manufacture it is 
intended to undertake before deciding upon any particular design and arrange¬ 
ment of steel works. 


Materials used in the Duplex Processes. 

The materials used for steel manufacture in the Du[)lex processes are such 
that it is usually found more advantageous to remove part of the imiiurities in 
one furnace, lined with say acid refractory material, and to complete the removal 
of impurities and finish the steel in another furnace having a lining of basic 
material. By manufacturing in this manner, it has been possible to use highly 
phosphoric pig iron with too much silicon to enable it to be successfully converted 
to steel in either the acid or basic lined converter, or open-hearth furnaces inde- 
,pendcntly. 

Various combinations of furnaces have been tried with many varieties of pig 
irons, and to give some slight inriication only of the numerous charges which have 
been employed, the following details are set forth. 

Duplex Process. Bessemer and Open-Hearth. 

Charge I At Witkowit/, about b heats of steel are obtained from each open- 
hearth furnace per day. Taking the average charges of molten metal for the year 
1908-9,' the following materials were used in the combined furnaces 


Pig iron .-.'.'87'r2 % 

, Toss. i2'88 % 

Iron ore . . . .• • -'7 % 

j Lime ... 1 .' . . . . 7’8 % 

Coal • • • ;.io '5 % 

Dolomite (calcined). a’fi; % 

Magnesite (sintered).o‘ 3 i % 

Pouring waste. 2'r r % 

Open-hearth slag.. . . 10-39% 

. Ingots produced 89 25 % 


AVemge weight of charge, 19-9 tons. 

' “ lion and Coal Tadcs Review,” vol. 80, p. 8S. 
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Dupkx Process. Bessemer and Etectr'.c, 

Charf?e II.—The following is a typical charge‘of blown basic Bessemer 
metal, refined in a nominal 8-ton Rochling-Rodcnbauser furnace at Volklingen, 
Germany. 

Charge. 5 Ions 


fcfl u ^ 
bA a 
rt I 



'rime 




Pcrccnt.ige 


S 


hr*. 

mm*. 

* Sample 

c 

Sd 

Ml. 

P 


f ® 

0 

Molten charge , 

I 

o'o6 

0’02 

0-49 

006 

0'( 65 

e 

0 

20 


2 

o'oy 

0*02 

0’28 

0*025 

0*054 

0 • 

— 

1 0 

40 

1 (- 

3 

0 07 

0 02 

021 

0*022 

0*049 

cl 0 
*C C 

1 

0 


4 

o‘o6 

O’o] 

0'12 

0*018 

0*053 

•r y 
a. ' 

1 I 

20 


5 

o'o6 

0‘03 

0‘12 

0*015 

0*057 

0 

1 

40 


6 

o'o; 

0‘02 

0’12 

0*0145 

o '053 


\ 

2 

0 j 

; Added 220 lbs. roke. 1 

,, 28’4,, fciro-silicon ' 

1 

o'o6 

0'02 

0*12 

0*012 

0048 




,, 13'2 ,, ferro-spicgcl j 


I’zO 




0*028 


a 

40 1 

,, 28'4 ,, 50% ferr*)- 

. S 

002 

015 

0*015 



V Ik oil to slag ) 







a 

0 . 1 


50 ; 

\ Adtlcd 4*4 lbs. of'80% ferf v j 
j manganese \ 

1 , 






0 0 , 
a r 
'O u 1 

1 , 

0 • 

1 

Addc<l 15-4 lbs. of 50% ferro*, 
[ silicon to sl.ig 

1 ’ 

i '39 

0-15 

0‘2I 

0016 

0*022 

V G. 1 

PC 

i 3 

15 


10 

1-30 

0'2I 

O'24 

0013 

tiace 


Duration of heat. 3 hrs. 15 mins. 

Throughout heat, 770 lbs. of lime were .vldcd, and throughout the oxidation 
period, 198 lbs. of W. S. 


Duplex Process. Bessemer and FJcctrk. 

Charge III.—The following" is a typical charge of blown llesscmer metal 
refined in a 15 ton Hdroult furnace at the Illinois Steel Co., South Chicago, U.S.A. 
The metal is slightly overblown in a 15-ton acid converter, .and is poured into the 
..dectfic furnace. At the same time, iron oxide and lime is shovelled in through 
the working doors to produce a basic sl.ig. 


Materials charged 


1])S. 


Blown Bessemer metal .... 

. . . 30,000 

Scale. 

. . . 700 

Lime—first slag. . . 

. . . 600 

Lime—second slag. 

. . . 600 

Recarboniser. 

... 130 

Fluorspai.. 

. . . 400 

Coke dust. 

. . . . 200 

Ferro-Manganes6 (8o°o Mil) - .' 

. . . 200 

Ferro-Silicon (io% Si) . - t - 

, . . 60 

„ (50% Si) ... • 

. . . 80 


For repairing the furnace between the heats, 400 lbs. of dolomite and 25 lbs. 
of magnesite were used. 

1 “ lournal Iron and Steel Institute,’* 1909, 1 , p. 3 * 2 . 

, »“ lion and Coal Trades iteview,' 1911, p. 210. 
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Duplex Proeess. Open-Hearth and Ekctrie. 

Charge IT.—The following* is a typical charge of molten metal froina a5-ton 
open-hearth furnace refined in a 3 ton (iirod furnace at Gutehoflhungslmtte. 
Weight of charge.7053 lbs. 

Pcrccm.iKCs. 

^ Sample Si Mn P #S 

Oxidation period :— 

Charge 7053 lbs. molten metal. . 1 015 tr. 0 54 0 03 j 0-054 

After adding 22 11)5. ore .... *2 o'l t „ o'lo 0021 0048 

„ „ 33 lbs. ..3 o*t .. 0-51 0016 0044 

.. .. 55lh*>- .. o c 

Just before slagging.4 o 10 „ 029 oooS 0040 

Deo.xidation period :— 

After adding’52^ lbs. petroleum 

coke and 110 lbs. refining slag . 5 0 50 0-26 0 01 0 034 

After adding 88 lbs. refining sla^> . i* o 5° .. 


„ 66 lbs. „, „ 

7 

0 49 

,, 

0’27 

0 0 1 

0*026 

„ 19! lbs. FeMn „ . 

8 

0-50 


o'49 

0 01 1 

0*026 

„ 2 j • lbs. powdered 

petroleum .coke 

and 11 lbs. FeSi . 

9 

0*52 

o‘07 

0-52 

0-015 

0’02() 

•„ 11 lbs. ferro silicon . 

10 

0-52 

014 

0-52 

0‘0I2 

o’oi8 

„ 8} lbs. ferro-maiiga- 

ncse. 

I T 

0 56 

O’ I 4 

O’OI 

0015 

O’OI 

Final sample.... 

12 

0-56 

O’ 14 

0’62 

0015 

O’OI 


Weight of steel produced, 6942 lbs. 

* Paper by Dr. At Mutllcr, '■ Slahl unil Kisen," Aug 3ul, 1911. 






PART IV 

• THE ELECTRIC PROCESS 


CIIAPTKR XXXVIII 


THE EVOI.VriON Of THE ELECTRIC FIHL\ACF. 

Proiiaiii.y no oilier form of stcel-rriaking/'ornacc has received so nuich allenlion 
by Engineers and Metallurgists during a simif r period as the electric furnace. 
Although its earliest application dales no further h.ack than 1879, it would he a 
lahorious task to furnish a descri|)tion of all the ly[)es of furnaces which have 
been designed since then. Electric furnaces of different types have been used 
during recent years for the nianufacliire and refining of .steel, and there is sufli- 
ricnt evidence from the coinrnorcial results obtained, that in the future a more 
general application of the electric furnace,in steel works will depend upon the 
following considerations.— 

r. Simplicity of design of furn.ace. 

2. .'\jiplicahihty of design to the metallurgical operations involved. 

3. Eflii ieiil working and economical consumptign of electricity. 

4. I.OW cost. 

5. Minimum of repairs and .adapt.ihilily to continuous working. 

Historical. The Siemens Furnace. The first electric furnace used for the 

production of steel was an espcriniental one designed by the late .Sir \Vm. 

Siemens in 1879. In his patent 
, (' .A of that date, two types of fur- 

'' 'I naces are shown, as illustrated in 

Fig. 220. The furnace shown 
. \ in Fig. 220 <7, consists of a 
, ( ( crucible in which is placed the 

material to he melted, the heat 
being obtained by radiation from 
two electrodes placed hori/.on- 
tally above the charge. 'The 
eloclrodes, which, it is stated, 
may be either carbon or water- 
cooled lubes, are fed forward by 
means of friction rollers which 
''Tl ii’ are oiierated by a sand wheel 
and worm gear, actuated by a 
solenoid 

In a modified design of the 
furnace, shown in Fig. 220 b, the 
current is led to the furnace by an 'electrode suspended over the charge in the 
crucible, and, arcing across the air'gap, jiasses thiough the material, and out by 



Fkx 220 Sionicns’ F.xpirimcnlal Arc Flccliic Furnace. 
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mean* of an electrode fixod info the bottom of the crucible, and in contact with 
the charge. In a furnace of this design, Siemens w.as able to melt ai lbs. of iron 
or steel in orve hour, and based u|)on these ex])ermients he worked out the cost 
of production of steel by electricity, and concluded that it could he iii.ide as 
economically by the electric furnace as by the open-hearth furnace I'liese 
experiments, however, were not developed coifimetcially, and for eight yiars 
little was done in promoting this new method of steel manufacture. 

Tbs Ferranti Pujnace.—In 1887, .Mr. S. de .,l‘'erranti introduced a distinct 
type of electric furnace, two views of^which are shown in Kig. .’.’i The 
arrangement consists of a rectangular annular crucible (provided witli a lover), 
in which are jilaced the materials to be iiieitt'd. 'riirough the opi n sp.n <■ in the 
centre of the crucible and on either side, pass pole pieces constlucted ol a 
number of thin soft iron plates- .\n insulated coil is wound round the inner 
pole piece. The whole arrangement is fixed on a cast iron fiaiiie nioiintid on 
trunnions, the m.ignct being insulated from the frame. Heat is induced by the 



Fk.. 221.l’crj.'inti’'s l’■k^UlC Fiirnntr. 


current passing tlirouj'h the coil surrouiulini; the iron in.ignet. I lie wAole 
apparatus forms an electric transformer, in wlikli tin.- primary (oil UKluces 
current in the annular chamber taking tlic jilace of a st oonrlary winilin^. 

Apparently, development of tins tyi>e of furna< <• was dropped, for no com¬ 
mercial success is recorded of its opeiattori. I lu- s.imc pnm ijial ol mehin;' hy 
induced currents was jiatented hy Colhy m ^le ISA. m i Si^o, allhougli iiis 
arrangement differed slightly from Ferranti's. * * 

The Stassano Furnace.- It was not until the year 1898 that tin- eltTtrical 
production of steel was agsin taken up actuely. In this year, Major Stassano 
constructed a furnace at Rome, on the arc jirmciple, witliMie ohjed ot smellin;^ 
iron ores and producing stcVl direct in tlie one operation. Ills furnace re^icmhled 
a charcoal blast furnace with tffe tuyeres replaced^hy caUion ebalrodes, and 
the ore, as it passed down the furiiace, was fused hy the electrn- arc foriflcd 
between the [lomts of tlie electrodes. 'I’his furnace was not a (’(Mumercial^success, 
and was abandoned in favour of a furnace in wliich the matelials were charged 
upon a hearth, and melted by the radiation of heat from arcs formed between 
electrodes situated just above the materials. In this design of turnace, Stassano 
was able to reduce ore when brujijetted \jith (har(oal and melted with suitable 
fluxes, a good f]uahty of steel lieing prrKhiced, He, ho^e\er, fouiid*the furnace 
toinorc particularly adajited for the productiJh of steel from scrai), and on these 
lines he advanceil. 
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The H^roult Furnace.— ^Vhile Stassano was pursuins his investigations, Mr. 
1 ’. H^roult (now Ur. Hcroult), war engaged ii) the U.S.A. on the production oi 
alumini'um in the electric furnace, and in 1899 his attention was. turned to the 
manufacture of steel by the same means. The furnace with which he experi¬ 
mented consisted of a hearth containing the materials, over which were suspended 
two (.arhon electrodes. The 'current, passing down one of these electrodes, 
formed an arc in the air-gap between the end of the electrode and the material 
on 'die hearth. Similarly, after passing through the metal bath, it formed another 
arc between the metal and the end 9! the other electrode on its way to the 
negative terminal of the supply generator. The heating effect of these two arcs 
was utilized to unfit the metal in (ne hearth, which on becoming molten, was 
tapped out into moulds. 

The Kjellin Furnace.—A year after IleToult's first experiments, Mr. F. 
Kjellin (the late Ur. Kjellin), in 1900, introduced a furnace of the induction 
type, similar to that iiatented by Ferranti in 1887. With this furnace he carried 
out investigations with the object of producing steel from iron ore briquettes, 
pig-iron, and steel scrap, and as a result he was able to make high-grade tool 
steel commercially in 190J. e 

Modern Developments.—It will be observed from the foregoing that the 
inventions and experiments of Siassano, Heioult, and Kjellin, embodied the 
principles of the earlier jiatenls of Siemens and Ferranti. Stassano’s furnace 
was an application of the design introduced by Siemens, r /./c- Fig. 220 a, p. 418. 
lleToult’s furnace showed originality in that the current left the furnace through 
a second electrode above the metal, instead of through a second electrode at the 
bottom after jiassing through the metal iy the furnace. Kjellin’s furnace was 
an ap|)lic,ation of Ferranti’s principle of heating by an induced cm rent due to 
the resistance set up by the iiiet.al bath to the current. 

, These three fuiiiares are the types upon which jiraclically all the develop¬ 
ments of late years have been based. The desjgns of some furn.ices have 
embodied slightly dilferent arrangements with the object of [iroducing more 
efticieiit and siiiijiler working, while others have been but the conibinalion of 
two or more types. 

The (jirod furnace is an application of Siemens’ orijimal furnace with the 
bottom electrode. The Rochhng-Rodenhauser furnace is a development of the 
Kjellin funuce, the heating ,being effected by induction and by the resistance 
set uj) by plates built into the furnace lining. Other types of furnaces, less 
known than the foiegoing, are being develoixid, and some of them are described 
and illustrated in the following chajiters. 



CHAPTER XXXIX 


ARC FCK-VACRS 

Introduction.—The first clectiic furnaco used for the miiiufai tiirc iil steil, h.is 
an arc furnai.e, invented l)y the late Sir William Siemens. It is nol.ihle that the 
first furnace to be '(sed coinniercially was also an are fmiiaee, intindiiecd hy 
Major Stassano in Italy m i,S()S. 'this fiiinaee, moreover, is the onl> one which 
has retained the princiiile of heating purely hy radiation,Irom ,in aie or arts 
formed between carbon electrodes situated tihove the metal in the luaith of 
a furnace. • 

The Stassano Furnace. —Stassano’s earliest expenments were not very 
successful in producing steel direct from iron ore on .1 commen lal si ale. Tin se 



were conducted in a furnace closely resembling a smal^ blast furnace, hut with 
tuyeres replaced by carbon electrodes. When, however, he adopted the hearth 
type of furnace, his experiments were more tucccssful. 
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Originally, the furnace was of the fixed type, hut i} was found that the metal 
hath was not siiffu iently stirred up to ensure refining and perfect homogeneity, 
and the rotary type of furnace was therefore adopted. A sectional elevation of 
this latter type is shown in Fig. 222. 

Description of the Furnace. -'I'lie furnace consists of a cylindrical shell 
liuilt up of steel jilates, mounted on a roller path so that the furnace itself is 
inclined at an angle of about 7^ to the vertical. The furnace is rotated by 
meaps of gearing, driven by a motor. 'I'lie shell is lined with magnesite blocks. 
The carbon electrodes pass through the furnace lining nearly hori/ontally, and 
are enclosed in water-cooled jackets, bi.ited to the shell, which guide and support 
the electrodes, the,inner ends of wh.'.ch point towards the centre of the furnace. 
The adjustment of the electrodes is obtained by means of small hydraulic rams. 
The current is conveyed to the electrodes by cables which pass through the 
]iivot, and are connected to brushes which make contact with slip-rings below 
the base of the furnace, from which the flexible cable to each electrode is 
attached. Since the whole of the furnace rotates, the hydraulic supply for 
cooling and actuating the electrodes, also jiasscs uji through the pivot. 

The furinice is uslially worked on three-[>hasc 1 nrrent, three electrodes being 
used, but in the case of large furn.nes, six electrodes are employed two to 
each phase. The electrodes used are considerably smaller in cross sertion than 
those employed in furnaces of the lleroult type. 

The Stassano furnace has been designed with two objects, \iz.— 

(n) For iiroducing steel direct from the ore. 

(!>) For melting and refining mild steel scrap or pig iron. 

Production of Steel direct from the Ore.—When working the furnace for 
the production of steel from the ore, the top of the furn.ace connects with a tube, 
through which the jiroducts of combustion arc carried off. The ore used is 
first crushed and ground, then mixed with fluxes and carbon and made into 
brniuettes. The projioition of carbon used is governeil by the composition of 
the ore employed, the latlei being carefully analysed so that Us reduction can be 
fully ensuicd by the carbon. l!y regul.iting the (|uantity of the carbon, different 
grades of steel can be produced, varying fiom veiy low to high carbon steels, or 
jiig iron. 

■ In a pajicr by Mr. R. ('atani,' the following particulars are given of the 
results of exiienments made by Stassano for the direct production of steel from 
the ore ; In the first cxjienmCnts, hematite ore of good ijiiality was used, con¬ 
taining r)3'02 ]>er cent, of Fed),, brniuctted with pitch and charged into the 
furn.n e with charcoal and Innestone. In the second set of experiments a 
different ore containing fi.S'; jier cent.of F'c,(),was used. This was crushed and 
l)ii(|ut;ited with a 25 per cent, soliliion of silicate of soda instead of pitch. Steel 
of good quality was |iroduced, but ap|iarently only four exiieriniental charges of 
t.o Ihs. each were made. 

The process described above does not appear to have been followed to any 
large ex'eiit, the furnace having been chiefly employed in the jiroduction of steel 
from mild steel scrap. 

Production of Steel from Scrap.—The following particulars® of the working 
of a i-ton fnrn.rce (300 h.])), jiroducing steel for c.aslings in (iermany, will 
indicate the metheds adopted for the operation of the Stassano furnace, when 
used for melting and refining mild-steel scraji. 

The furnace has three electrodes, each adjusted by hydraulic rams, and 
water-cooled. A 5-h.11. motor is used for rotating the furnace. The material 
charged is good steel scrap containing o'2 to 0-3 per cent. C ; o'3 to o'5 per cent. 

* “ I'Hirn.il Iron and i^.cel Institute,” 1911, It, p. 215. 

* ‘ ruiituiry Tiadc Ji'unul,” 1909, p. 19. 
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Mn ; 0 07 to o'oi) per cept. Si ; o'o3 lo 0 15 |>er cent. S ; o oS to 01 j per cent. 
P. When starting ofV the furnace, the lining is first thoroiiglily ilrieii. The 
electrodes ape then brought togtlher, tlie arcs fofiiied, and the fiiinain brought 
to a high temperature, reaily for the reception of tlie charge. The clectioiles 
are now drawn back, about two-thiuls of the charge is put in, the carbons 
ire pushed fornard, and the current swttcbed c«i. 

The voltage of the suiiiily is 105 to 110, and tlie current is regulated at 1000 
to 1100 amps. ^ , 

A little iron ore or mill scale with lime is added to the iiuti.d ib.iige 
in order to refine and dephosphorise It. The fust slag is nithdi.iwn before 
the charge is completely melted, and «hun the bath is iiivllrii the iciiiaiiidct 
of the charge is introduced as lapidly as possible without turning oli the 
current. Wlren the whole charge is melted (which t.ikcs about bouts), the 
secotrd slag is run off, and more scale and liine added if ncccss.uy 'I bis third 
slag is removed and a final slag formed by the addition ol a sm.dl i|iianiiiy of 
lime and ferro-sili.cjn, which completes the reliniiig. .At the 1 nd ol .dioiii liliecn 
minutes ferro-manganese is added, and about seven iiiiiiiilcs l.ilei the (b.iige is 
tapped. The addition of a small <|i^ntity yl aliiiniimim'is 111.ide in die ladhs 
Iligh-carbon steel is obtained l^y the addition of Swedish pig non inst beloic 
tapping. 

A i-ton charge reqnires a powei coiisiiniption of Soo to 10 0 k w. boms, 
according to the purity ol the ni.tle/ials used and the di gree ol lelining nc ess.uy. 
An average value of 900 k w. hours may be taken In .idilitioii to tins, the 
furnace must be kept hot while it is out of use dining the run. 1 Ins is done by 
passing current through iiiteriiiittently as lecpiireil. 

The finished product for low-caibon steel is as lollows - -- 


(J . .... o’o.S to o 1 .S 

Si , . . . . . , o o.S lo o 1 o 

Mn .o'4 

p. .o oA 

S. . . .o 03 


Output and Cost of Plant I be io,t ol ,1 i-pm fiiin.ne, together wull^ 
switeliiioard, toundations, ele,, is aboul y 1750. hioni tins liiin.iee tlio e td four 
i-ton charges can be oblamed per day ol ->.) Iioips, so that iiiiiiiiiig the fiiriiai e 
for 2.(0 days [xrr year, at an avcr.ige outinit ol 1 barges per il.iy, the .uiiiual 
Out])ut = 840 tons. ^ ^ 

Annual charge for depreciation SI' 10'^. i 7 s o o 

Annual charge for interest 5 . . ... .S;* io» o 

Total atimi.il charge for depreciation and iiiP iesl - 10* o , 

Charge for depreciatipn and interest Jier ton of liquiif steel 
lor. Ol/. X 20 • , , 

B40 

WcrkiUi^ Costs {pof Ton of IJtluui Stool Jor C>irbon Stool (<ntin.'^) 

Cost of Repairs.--The magnesite lining costs to reiilaec, and lasts 

about three weeks. The repair of tlic lining takes from 4 to 6 days, l oiise- 
quently the number of working"days jxt year is low, 1.0. 240 as^ivcii above. 
The cost of repair materials, wages, and ^sundries, IS <given as iii. per ton of 
liquid steel. 
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Cost of Power and Cooling Water.— Taking ihe power consumption at 900 
k.w. hours ])er ton for melting and refining, the power cost @ per 

unit = 2r. (>d. per ton of li<iuid steel. In addition to this, an allowance of 

108 units is made for heating up the furnace during intervals, t.e. an additional 
cost per ton of 2s. &\ii. For cooling the electrodes about 440 gallons of water 
are used per hour, which at 2J. per 1000 gallons = 51/. per ton of steel. 

.'. 'I'otal cost of power and water = 51. 7j(/. ix;r ton of liquid steel. 

Cost of Electrodes. -The life of the electrodes is 9 charges, and each costs 
4r., i.i\ J2S. per set of three. The cost of electrodes per tda of steel is there¬ 
fore ‘f = li. 4!., but these carbons, being nearly horizontal, are very often 
broken during the .charging oiicration and in working, and it has been found 
that a safer cost is 2s. (id. per ton of steel. 

Cost of Labour. -A i-ton fiiinace requires three men per shift, and in 
Germany, where this furnace is in operation, the wages for the day and night 

shift amount to 30^., or = Ss. Sd. per ton of steel iirodiieed. 

Cost of Raw Materials. Taking the figures given for a typical charge, the 
materials used per ton ol steel, in additioq to the scrap, are as follows : -- 


• f d. 

44 lbs. of hammer scale (lb Iyr. ton.04 

44 lbs. of lime (<9 tar. ton.0 3 

17 J lbs. of fcrro-silicon (12i jor. ton ...12 
9 lbs. of ferro-manganese (So %)'II 2 20f, ton . . . 011 

I j lbs. of aluminium.12 

Total cost of fluxes and fefro additions. . . 3 10 


Summary of Costs 

Cost of plant, /(1750. 


Ifeprcciation and interest.0 

Repairs. , , o 

Power and cooling water ... ... i 

Klectrodes.o 

Labour.0 

Raw materials - .Steel scrap.3 

Fluxes and ferro-additions . . . o 
Management (50 of cost of l.abour) . . . . o 
Royalty—not included. 

Cost per ton of liquid steel. . . ^6 


s J. 

3 

11 o 

5 7 i 

2 6 
8 8 
7 o 

3 TO 

4 4 

9 
















CHAl'TI'R XL 


r.\ D! 'cr/o.y t'C’/yyAC/cs 

Thf. charactcristir foaluro of llic fumacos ilos(Til)0(l iii this rli.iiili'i is tlial of 
heating by iikUk Oil currents, 't he tiirnaccs aic transloniu is, the ciiinnt being 
induced in the bath of metal, wbicb takes the place ol the s, ( mul.iiy Minding 
'I'he first induction furnace was patented by Mi S. de I'liiaiiti iii ihS;, hut not 
until 1900 was the princijile put into coiniiien lal use, wlun the late 1 h Kjellin 
introduced bis furnace in (iysinge, Swedtii. Se\eial*iiiodifii d designs have 
been brought forwaid, some r'| the luuie important ul winch ate included in 
the following pages. 


Tiik. Kjki.lix Fl’RNACK 

The first •Kjellin furnace was designed for a charge of 176 lbs. and rerpiired 
78 kilowatts, giving an output of about 600 lbs. in j,( hours at an aver.ige power 
consumption of over 7000 kilowatf hours per ton ol steel. This was gradually 
improved until the furnace iirodticed, with 58 kilowatts, i.joo to is.S” of 
steel ingots ill 24 hours. 'I'he charges were about 220 lbs eai li, and the tune 
between teeuiin.gs from 3 to 4 hours. The liiriiare was lined with silica bricks, 
which rei|Uired renewing‘about once a week. The results of tins liiiiiace were 
encouraging (although not satisfactory from a coiiiineicial point ol view), and in 
J902 a furnace was started up having an outiiut ol about t Ions in 24 hours, 
taking 225 kilow.aM* and producing about r ton every tajipiiig. This Itirnape 
was lined with magnesite, as it was found that the charge in tlie small fpriiac^ 
took up a high percentage of silii on from the lining. ( I'lie magnesite lining had 
a very much longer life, the first lining lasting A wee ks ) 

Description of the Furnace.--- Tlie airangemenl of the Kjellin furnace is 
seen from Fig. 223, which illustrates one of the stationary type. I'lg. 22.t shows 
diagrainmatically the ele< tiic (irciiits for the liirnace. In iirinci]>le the furnace 
is a transformer in which the circular Iroiig^i takes the jilai e of 4 siinjle short- 
circuited secondary winding, the trough forming the iiieliing hath of tl^e furnace. ■ 
The trough is closed with covers, and the renlral space within the ruig is 
occupied by a core composed of soft irort jilates. The»core is surrounded Ijr a 
copper wire coil insulsled with asbestos, Conner ted to an alteinaljiig current 
generator. The current passing through the Foil excises a varying magnetic 
rtux in the iron core, aiul the tanation in thc^ flux iiidur es a current jn the 
closed circuit formed by the molten metal in the trough. 1 he ralio between the 
primary and secondary current is determined by the jiumbi r M turns of 
the primary, and the magnitude of the current in the molten metal is therefore 
practically given by the jirodiict of the [irimary current «nd the number of turns 
of the primary coil. Thus, in a small furnace of this type, a current of 500 
volts and 2H0 amperes supplied to (lie coil, induces a current sf 7 volts and 
20,000 amjieres in the bath. • 

The Kjellin furnace is in reality a large crucible electrically heated, and the 
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((ualily of steel produced is governed by the quality of^ the raw materials used, 
since little or no relining is done in the hath. 



Fk^ 223.—Tlie Kjcllin Fi-rnnce. 


Operation of the Furnace. —^\’heii starting the furnace, it is not possible to 
fill the trough with broken pieces oP pig iron or scrap and melt them down, 
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since the voltage of the induced current is too low to produce arcs surticient to 
bridge the gaps betweefi the pieces m the eliaige. Instead, an iron ring must be 
placed in tjic trough and melted down to Ibrm the hath, or the trough nuist be 
filled with metal already molteji. When working coutmiioiisly, the custom is to 
leave a siitlieient amount of metal in the tioiigh, alter tapping out the 1 barge, 
to provide a complete circuit in the trougli h.pore introducing the iie\t charge. 

The furnace is charged at the comiiieiiceiiu iit ol a heat with .i ]iottion of the 
materials, and as this melts, the remainder is added from tune to tune The 
carbon and silii'on are adiustcd by selectidg iiiateri.iK whuh will plodiice 
the desired steel, and by means of s.iitahle additions, spci i.d sIk K ol almost 
any composition can he made. Typic-jl chaigcs of materi.ils used and data 
regarding the woiking of the furnace are giteii m (di.ii'ter \I,V on " Materials 
Used in the I'dectnc I’rocess." 

^iipphi 



(jrni’rotK'r Sc( 

Kit. 22.^ of FIkh Itii Tift uits f..r K i< I'in I'Mfii.u 


♦ • 

Working Data and Costs Since the K|<lhii furnace is more ^niticularlp 

adapted for the production of high gi ado sled Irom pure matcri.ds, tin 1 ost yl law 
materials is by far the most mipoilaiit f.V'tor 111 the to',il cost ol sh ■ I piodiu 1 d. 
The process ran he compared with tlie criicihle proi css, with ihctiii pJtwer 
taking the Jilace of coke or»gas. Ucncial d.at.i relating to the working ol ihe 
furnace are given below. • 

Outjiut of furnace: A r65-l7o k w. furnace making liigii grade tool steel 
will produce about 4 heats of r ton c.acli per 24 hours 

Cost of repairs: The cost of upkeep of the lining of a r-ton furii.u e is about 
2i. bd. per ton of steel produced. • 

Power: When producing" tool steel from goid qiialily pig iron and steel 
scrap, <a consuiirption of about .Soo* k.w. hours is rcpiircd pv ton of steel. 
Assuming, therefore, th.at power can be^mrcliased at per k.w. hour, the cost 
per ton of steel = X’ 
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Labour; 3 men are required to work a i-ton furnace. 

Loss of material in melting: The loss in melting a charge of good quality 
raw matcri.'ils is about 2 per cent. 

The Rucheing-Rodemiauskr Ei.ectkic Furnace 

In the original Kjellin furnace Jifficully is e.vpcrienced with material which 
has to he refined and treated in large quantities. For instance, when a charge 
I ^ of three tons or more is 

to he dealt with, the 
section of the bath 
becomes very large, 
causing a low resistance 
and consequently lower¬ 
ing the power f.tctor, 
necessitating the use of 
a generator of low fre¬ 
quency. The processes 
of desiilphurisation and 
dephospliorisation are 
also very tedious in the 
Kj'ellin furnace, as it is 
dilhcult to keep the slag 
sufhciently Hind for such 
purposes. To overcome 
these difficulties. Dr. 
Rodenhatiser and Dr. 
Schonawa, of the Roch- 
ling'sche Iron and Steel 
Works at Volklinger, 
(lermany, modified the 
Kjellin furnace, the im¬ 
proved furnace being 
known as the “ Roch- 
ling-Rodenhauser.” 

Description of the 
Furnace.--The furnace 
IS made for single, two, 
or three-phase currents, 
and consists of a trans¬ 
former furnace after the 
principle of the Kjellin 
type, but with two ring- 
shaped baths adjacent 
to, and communicating 
with one another m the 
case of a single-phase 
furnace, and with three 
baths in the case of a 
three - phase furnace. 
Fig. 225 gives two views 
of a single-phase fur¬ 
nace. The junction of 



the ring-shaped baths is itl the form cf 
doors in front and behind. 


a square or rectangular hearth, with 
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a ('<)ni|uiiiml of 



The principal feaUijc is a heavy secondary winding of copjH'r rallies, placed 
around and co-axial with the primary (one on rach leg of the coir), surrounded 
by the rings forming the charge. I hose copper serondaries, consistivg of a few 
turns only, are connected t(i condurii\e plates huilt into the furnace wall. 
These plates are of corrugated east steel, and coated with 
magnesite, dolomite, 
and tar. Although bad 
conductors when cold, 
the plates act ar fairly 
good conductois wluii 
the furnace is cliai|>i (l 
with molten metal, and 
leadily allow the cur¬ 
rent to pass. l)y this 
means, about 70 pir 
cent, of the ciirr’cnt is 
transmitted to the hath 
by induclion in the 
ling-shaped liaths, and 
the remainder through 
the side jilates. Tire 
coiipcr secondary is 
jilaced close to the 
irrimary, to keep the 
jiowor factor as high 
as possible. 

The ring-shaped 
part of the hath is 
covered with briiks at 
a height below the 
level of the charge in 
the centre bath, so that 
no slag can entef tnto 
the ring baths. These 
rings reiprire compaia- 
tively small re|iairs 
during a long run, and 
the rcct.ingiilar bath in 
the middle is readily 
aceessihlo and can he 
easily patclied. The 
lining is calcined mag¬ 
nesite or dolomite, 
mixed with tar and 
stamped into positron 
hot. I'ig. 226 shows 
a thrcc-iihase furnaie 
which, although still 
used, is being super¬ 
seded by single and 
two-phase furnaces. 

Operation of the FurnaCe.—After the lining is stamped in, and thoroughly 
dried, the tar is burned out (eitlier byjheating a etist steel ring pl.accd in the 
furnace, or pouring some molten jiig pon into the hearth), leaving behind a 



226.'—Uuciiling-Itorlcnli.a’iSLr I'lir- '.-[ilnse l'’iirn.ic<r. 
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sintered mass forming a solid basic lining. The furnace is then brought up to 
a high temperature by passing current through the ring df metal or the molten 
metal, untij the furnace is ready to receive a charj,e. 

Two methods of working are possible:—(i) cold charging and (2) hot 
charging. The former is usually adopted for the production of steel castings, 
and the latter for large quantities of better quality steel than can be conveniently 
obtained from the open-hearth or Bessemer plant. If cold charging is employed, 
the material is charged with the furnace and melted by the action of the induced 
currents and the heat generated by the side plates. When tlie bath is molten, 
the succeeding operation is similar to tha. of refining a molten charge. The 
■addition of llii.ves neces.sary and the chemical reactions involved, are considered 
m Chapter Xl.lV on “The Chemical Reactions in the Electric Furnace.” 


Cc/it Chargiu": rrodtution of Steel Castings 

Output and Cost of J^urnace.—A 2-ton furnace (280-300 k.w.) working with 
common steel scrap, melting and refining, will jiroduce about 8 tons per day of 
24 hours. Assuming 250 working d.ays per year, the annual output = 2000 
tons. The cost of plant' is approximately ^,2350. Allowing 10 jier cent, for 
depreciation and 5 per cent, for interest on capital outlay, the annual cliarge 
for the above = 15 per cent. of;^235o = ^352 rot od. 

Charge for depreciation and interest per ton of steel 

I or. od. , , 

= — 31'. 6./. 

2000 


Working Costs [fei ton of Liquid Steel for Carhon Steel Castings) 

Cost of Reiiairs: Tlic cost of repairs to lining, plant, tools, etc., is given as 
2S. ijld. per ton of steel. 

Cost of Power: .Miout 700 k w. hours are required for melting the charge, 
and an additional 200 k.w. Iiours for refining. ( Phis latter figure depends of 
course 111)011 the degree of reliniiig desired.) At o'yT per k.w. hour, the cost of 
power = 900 X 0-31/. = 221. 6d. per ton of steel produced. In addition to the 
above, power is required for tipping the furnace and for the fan used in cooling 
the transformer, costing approximately 2d. per ton. 

Cost of Labour: 2 to 3 men .a;e reipiired to work the furnace, their total 
wages (at'American rates) being eiiual to about Os. 3</. per ton of steel. 

Cost ot Raw Materials : The following is given .as typical of the proportions 


of materials used :— . 

j. d. 

560 lbs. bundled scrap (a). ^Os.' iod. per ton . .. r i 8^ 

Sfiojbs. machine shoi^ and heavy turnings (ix 38r Od. per ton . . 9 7J 

ti2o lbs. old steel rails ial 571-. 31/. per ton.28 8 

Total . . 50 o 

Add loss @ 5 “j • ■ . 26 


.Total cost ... 52 6 


1' 

* “ Trans.iclion'N Amciican Foun<lrymc»'s Association,” I 9 >ii P* 243* 
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The fluxes used per ton of steel average 

. Roll scale.ll)s.\ 

, Lime 7 7 lbs. i 

Fluorspar.nibs.' Cost u. iO(/. 

Sand ... ... 20 lbs I 

Ferro-inanganese . . . S'S His.J 


Summary of Costa 

Cost of plant, ^2350. ^ 

Depreciation and interest . >. 

Repairs and tools. 

Power for’ melting and refining. 

,, air cooling, and Upping furnace 

Labour. . . . 

Raw materials (steel scrap) . . 

„ „ (fluxes, etc.) ... . . 

,, ,, (loss of flj,i\es dye to ] of ilul 

metal remaining 111 the hearth) 
Management expenses (50 ol l.ihonr) . . 

Royally. 'Not included .... . . . 


/ r. 

,0 5 ti 

o 2 
I 2 6 

002 
o fi ^ 
212 f) 
o 110 

o o H 

o ; it 


Cost tier ton of lii|md steel /.'.j 13 ( 
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The following stinnnary of cikIs is for a 5 ton fiirnai e refining hot nn tal 
from a mi.xer. The time required for each heat is about 2\ horns, andassniiiing 
an output of 40 tons per day of 24 houis, and 250 working days per year, the 
annual output = 10,000 tons. 

The cost of pUnt' is approx. ^35 to, allowing 10 per cent, for deprecia¬ 
tion and 5 per cent, for interest on c.ipital outlay, the ainnial 1 haige for above 
= 15 i>er cent, of /'3540 =/,‘5-V- 

C'harge for (Jc[)rL‘CiaUon and interest per ton of ri fnied steel 

< 21 X 20 , 

= c-’- -. = IS. lit. a]ijiiox. 

10,000 * 


Summary of Costs 

Cost of plant, /,'35 )o. 

• 

Depreciation and interest. ...... 

Rciiairs and tools. .... 

Power for refining (280 k.w. hours (r^ o'3</. per k.w^ hour). 

„ aiixihary.apparatns. . . . 

Labour .... « • . 

Raw materials (molten rnetalj’roin mixer tak«n at 5iJr. ton) 

„ „ (fluxes, etc.). 

„ „ (oxidation loss Cii) $%) . 

Cost of refining 111 mixer. 

Management ex|x:nses (50 % of labour) ....... 

Royalty. Not included. . . 


o 

o 

o 

o 

o 

o 

o 


I 

f .s 

7 o 

•2 I 

10 o 
2 (? 
• I 6 


O I 2 (> 

O I oj 


(.‘osT ])cr ton of Iniuid sled /'^ o 'j\ 


* rransactioiis American Fuuntlryr^n'* AwiKi.ition,” )» 245. 
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The Fkick Electric JFornace 

Description of the Furnace. -T his furnace difl'ers from the Kjellin in the 
arrangement of the primary windings. Fig. 227 is a sectional elevation. T'he 
primary windings are flat, and disposed both ahove and below the annular 
melting trough. The principle of working is similar to that of the Kjellin 
furnace. . , . ' ■ ■ 

T he following particulars arc given‘ of a lo-ton Frick furnace installed at 
the works of Messrs. Fried Krupp. The furnace is used for melting down good 
quality materials for'the manufacture ‘of high class steel, and is usually run with 
an 8J ton charge, of which 6i tons are tapped and the remaining 2 tons left in 
the furnace for the maintenance of the circuit for the next heat. 1 he outside 
diameter of the furnace is 14 feel, and the annular hath is y feel outer diam. and 



Fk;. 227.—Tlic Frick Funuice. 


6 feet 4 inches inside diam. The primary current used is 5000 volts, at a frequency 
of 5 cycles per second, the current being 265 amiieres. T'he jiower factor of the 
circuit is o'52.S. Thu calculated current passing through the hath is 52,000 
amperes, and the resistance of the Ijath o'ooo2 ohm. 

Operation of the Furnace. The time taken per heat is hours; during 
the jirst 4i hours the materials are charged into the furnace at the rate of | ton 
at a time, whilst the remaining 2 hours are occupied in heating iqi the hath and 
ref.ning the steel. 

The jidwer consumption pep ton of steel produced averages 617 k w. hours. 
The power supiily of'590 kilowatts is absorbed .as follows : -187 kilowatts to 
maintain temperature of furnace (/.c. in counteracting radiation and conduction 
losses), and the remaining 403 kilowatts are employed usefully in melting and 
refining the material's in the hath. 

During an 8 weeks’ run, this furnace made 180 charges, giving an output of 

1150 tons. t. • j 

The following are two analyses of steel made and the results of tests obtained. 
No data is given of the composition of the mater als charged, but since the 

* “ Iron and Coal Trades Review,” Aug. 261b, 1910, p. 320. 
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furnace is used for die production of hi^h ^r.rde steel from good quality materials, 


very little refining is 

apparently earned 

out. 
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Tiiic HiOKi’ii I'.i.i'CTKic IniKwci-; 

Mr. Hiortli constructed and palenlecla special t\pi'of clicliic liiinaccof i; tons 
capacity and ]nit it into o|)eralion cayly in iqio. In many placi s nn tin- «est 
coast ol Norway, electric eiirrei't can he dcveloik'd Iroin w.ilei pnw. i at a total 
installation cost of to ,/.'6 per liorseqiower, and at a total woikiiig cost of 
lyr. per li.p. year. Tne ])lant at Jossingfjord, wheie the liiniace is iiisl.illcd, 
comes within these conditions. Single-phase ciirrenl at ^50 volts, 1 .■ 5 i-yeles, is 
generated. 

Description of the Furnace.— 'I'lie 5-ton furnace at |iresenl in o|ieiaiion, is a 
double-channel induction lurnace yitli the ])riin.iry consisting ol lour mils <011- 
nected in series. 'I'he upper coils are concentric with the healing elunm K, and 
are suspended from pulleys with llexihle connections. When tlie liirn.ice is in 
oper.ltion, the coils are close against the coveis of tlii- cliaiinels, hut lan he 
raised about 24 inches when the covers are to he removed. 1 he iippc r coils are 
un-insulated hare copper liars, coiled spirally. I'he lower coils .iie hollow 
w.ater-cooled copiier conductors, and are emhedded in the in.ignesile liniieg ol 
the furnace, about 16 inches heiieath the hottom ol the channi Is. 'I'he sp.ice 
between the magnet'and the liiinace w.ill is about 12 1111 lies, whii h .illows the 
magnets to he bolted lirmly to the lloor, while at the same tune the liirn.ue i.in 
be tipped for pouring. 

The junction of the two channels is 12 inc’lies wide in the middle and 76 
inches long from hark to front, furnishing sullii lent space for reinelling ingols or 
other scrap. Four views of the arrangiinent are given in Fig. 22.S. I'he 
furnace is lined with burnt magnesite, and the < overs mnsist ol silu a slabs. 

'I'he furnace is used chielly lor the production of steel of high giadv crucilile 
quality, the ])urest .Swedi.sh Dannemora pig-iron and Walloon iron hiaiig used. 
Blastfurnace slag from the Dannemora lurnaees is used as a lliix, mixed With 
fluorspar if greater Ilmdily is required. 

Operation of the Furnace. When working t<Y'furnace u|) to its lull lapanty, 
3 tons are imured at the end df the heat, and 2 yiiis are, lilt to stall the next 
charge. The Dannemora pig-iron lised has an analysis of;— 


C 

Si Mn 

s 

p 

3'8 

and the Walloon iron 

0-31 1-727 

an analysis of;—^ 

0'025 

o'o2 per cent. 

C 

Si Mn ^ 

S* 

P 

o’loy 

o'oi3 0068 ^ 

O'OIO 

o'Ooq per cent. 
2 F 
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Fn:. 22 S.—liic Ihorth Furiucc. 


Tht following paiticulars ilkislrale lliCA’orking of a charge in the furnace. 

• t 

i2.2o'|),m. In furnace, 6;oo lbs. of previous steel (10 per cent, carbon). 

(i!iarged.2 20o lbs. pig-iron and rioo lbs. Walloon iron. 
' Current switched on. 

I2’30.p.in. Current 1800 amps, 273 volts, 380 k.w.; power factor = o';;. 

1.30 p.ni. 1S40 „ 273 „ 395 „ „ =o'8o. 

2.0 p.ni. ., 2050 „ 265 „ 380 ,, ., = o'70. 

a.30p.m. Charge melted. Average power 380 k.w. for 2 hrs. lomms. 

= 560 k.w. hours pgr ton of metal melted. 

2.30 p.tn. Charged.770 lbs. pig-iron and 2530 lbs. Walloon iron. 

3.30 p.m. Current 2275 -"'■"PS, *70 volts, 400 k.w.; power factor = o'65. 
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4 30 jMii. Chai},'c nicllL'il. Avcrn(;i; current |oo k.w for 2 hours = J40 
k w. hours pel ton ol nn tal melted ' • 

5.30 p.ni. ('urrcnt'33;o amps, 265 volts, 31^5 k w.; power f.ii tor»e- o 63. 
6'o p.m. ,, 2423*., 27k ,, 4op „• ., —050. 

6’i 5 p.m. „ 2300 „ 280 ., 365 ., „ = 0^7- 


.Mrl.il now ^t casting teniperatiiro. (,'nrrent used .averaged 
395 k.w. for 6 hours, or 805 k.w. hours Jier ton of steel. 

During the heat there were ailded to the hath, 77 lbs. of 30 per 
cent, ferro-silicon, and 29 lbs. of’80 per cent, ferro¬ 
manganese. .One tijird of a [lound of aluminium was added 
to the ladle. , , ' 

The labour required on the furnace pe*r^24 hours is ; one head melter, one 
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helper, and one boy on each 12-hour shift, also one ladleman and one helper on 
every alternate 12-hour shift. The output of the furnace is 12 tops in 24 hours, 
tapping a 3-ton heat every 6 hours.' When in'regular operation 790 k.w. hours 
are used'per ton of cold material melted. 

TiiE Paragon Electric Furnace 

This furnace was introduced by the Gronddl Kjcllin Con, with the object of 
combining the best features of the arc„induction, and resistance furnaces. By 
heating tlie l)ath of metal by carbon electrodes above the bath, and metal 
terminal plates builsinto the furnace lining below the bath, it*s thought that the 
most advantageous conditions will be obtained. The furnace is still in the experi¬ 
mental stage, and no information as regards its commercial value can be given. 



CHAPTER XLI 

, A/iC RESISTANCE FURNACES 

In this chapter are described the chief furnaces of the type where the iieat is 
generated by means of arcs produced between the points of carbon elcctrrxlcs 
situated just above the slag line, the current passing throiigli the slag or surface 
of the metal and .returning to the source of supply by means of one or more of 
the electrodes. The most important of the arc icsistancc furnai cs is thjit 
introduced by Dr. Hdroult in 1902. Fig^ 229 sl)ows»the arrangement of a 
modern 5-ton three-phase furnace wi'fli erpniunent. 


The Heroult Electric Furn.\ce 

Description of 15-ton Furnace.— The construction of the Ileroult furnace 
will be more readily understood from the particulars, which follow, of a 15-ton 
furnace installed at the South Chicago Works of the Illinois Steel Co., U.S.A. 

The furn.ace shell is of steel plates i inch thick, rivetted together, forming in 
plan a circle 13 feet 6 inches diameter, flattened at the front and bai k. To this 
shell is fastened a toothed segment which gears into a stationaiy rai k fixed to 
a concrete bed, 5 feet jbove the ground-level. The segment lias an arc 
of 10 feet radius, and gives a piaximiim tilting angle of 29 deg. to the furnace. 
To the back of the furnai e is attached a hydraulic plunger 18 inches diauicter 
by 4 feet stroke, wjiifh works at a pressure of 500 lbs. per scpiare inch. 

The furnace is lined with one .)! inch course ol magnesite brick on tlfe 
bottom, with vertical side walls of magnesite, r8 iiu.hes thick. The bottloin i# 
composed of dead burned Spaeter magnesite, 12 iiuhes dee[) at the centre, 
sloping upward towards the edges to the form of the surfaie of ,i sphere, 

7 feet 2 inches radius. The removable roof is composed of silica brick, 
12 inches thick. I'here are 5 doors, 2 on each side and i in the front over 
the pouring spout. The side doors are of cast-iron lined with firebrick, and 
are operated by steam pressure. * • 

The furnace works on 3-pbase current, .and' the 3 electrode# form in ’ 
plan the apexes of an equilateiai triangl*: of 5 feet 2 inch side. The elei.frode 
holders, whii h are arranged to lariy 24-inch electroifes (or the cc|iiivalenl in 
electrodes built up of smaller sections), are 'Constructed of eopirtr castings, 
bolted to the busbars. 'I'licy ari; regulated by gn autmnatic device, by hand, 
or by controllers as desired. * 

For this particular furnace the power is generated at 2200 volts, 3 phase, 
25 cycles, and stepped down at the furnace by means of three 750 k.w. trans¬ 
formers, which may be adjusted to give secondary voltages of 80, 90, 100, or 
no as desired. Ordinarily, 90 volts is used. 

Fig. 230 IS a photograph 0/ the ^5-ton furnace at the American Steel and 
Wire Co.’s Works, Worcester, U.S.A.,which is simil-jr to the fuAiace at South 
Chicago, described above. * 
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• I 

Co.’s Works in Germany,'to work in conjunction with a ^5 ton |!i.s>-L'nu'r 
converter. ^ * 

The inaj’onty’of the Hcrciilt lurnaci*; at ,vork aic of smaller i.iimi'iiv, 



i,e. from i to 7 tons, but the gcnural pnnnjilc nml construction of each is 
the same. • • 

Operation of the Furnace. ’I'he lirger si/.es of furnaces are wotkiii" on 


Fig. 2^0. —l?-ton Hcroult Funuce at Worcester Plant, Amertcan Steel ar.d Wire Co., 
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molten metal charges, i.e. refining Bessemer or open-hearth metal for the pro¬ 
duction of better quality steel for rails, axles, wire, etc. Some of the smaller 
furnaces are used in this way, while others are ipelting scrap for thb manufacture 
of steel for castings, tools, tubes, etc. 

In starting the furnace, the lining is first' thoroughly dried in the usual 
manner, and the lining gradually brought up to a high temix'rature by means 
of coal or coke fires, ready for thi reception of the charge. If cold charges are 
being worked, iron ore, lime, and scrap are charged into the furnace, and the 
curretit switched on. When tin scrap becomes molten, thei-refining is carried 
out in a similar manner to that adopted ,^hen working molten charges. 

The following is a descrii)tion of the oi)eration of the r5-ton furnace at South 
Chicago : As the bvown metal is being jtoured into the electric furnace, the 
workmen shovel in iron oxide and lime through the working doors. In this 
way a basic oxidising slag is produced, which serves to remove the phosphorus. 
After about 30 minutes, this slag is raked off and the recarburiser added. On 
to the bare surface of the oxidised metal, lime is then quickly added, with 
sufficient fluorspar to keep the mass fluid. At the end of about 15 minutes 
this lime is melted, and, coke dust is thrown upon the slag. The atmosphere in 
the furnace becomes neutral, and Wlien tbe slag reactions have been sufficiently 
carried out, tests are taken, and if these are'satisfactory the electrodes ate 
raised from the bath and the contents of the furnace poured. 

The following particulars relate to a typical charge :— 

Tapped luevious heat from furnace 
Metal oidercd for and received . 

Began fettling . 

(hirrent on. 

Slag off began. 

,, ,, finished. 

Tapped . 


Materials used for typical charge : — 

> ' 11 )^. 

Blown Bessemer metal.30,000 

'' Mill scale.700 

Terro-manganese (8o'>i).200 

Ferro-silicon (10%). 60 

.. (50%).80 

Recarboniser.130 

Fluorspar . qoo 

"(.'olie dust 200 

'Lime—first slag.600 

„ second slag .600 

Dolomite (for repairing). 400 

Magnesite „ 25 

The blown metal from the converter averages .— 

C ' , Si Mil ' P .S 


o'o5 to o'io% o’oo5 to 0-015% °'05 to 0-10% 0-095% 0-035^0-07%. 

Twelve heats arc usually made per 24-hour day. When both desulphurisa- 
tion anddephbsphorisation are necessary, the consumption of electrical energy is 
about 190 k.w.hours per ton; where, however, the charge is low in phosphorus. 


a.m. 
7.0 
7-'A 
7-17 

7-27 

8.0 

8.1 r 

8.48 






















AKC ^RESIST 4 yCE FURXACES 441 

• » ’ * 

the consumption is too to 150 k.w. hours per ton. Fif;. 331 shows chart of 
power consumption duriag the refining of a hot metal charge. 

Working Costs. i 5 - 7 h/; htnuue. Kepning Molten Metal 

The following costs of the working of fur^iaces of this ca|>acily have been 
prepared from data in our possession. 

Output and Cost of Plant.—The furn.ide makes an ascrage of la hea^s per 
24 hours, and assuflhng 280 working days per ylar, the annual output of lefmed 
metal = 12 X 15 X 280 = 50,400 tons.* 

An estimated post of a 15-ton furnace,(but excluding tjansformers or gene¬ 
rating plant), is ^3000. This does not include foundation.s, huikhngs, hydraulic 
supply, etc. Assuming that the cost of installation is /.Yiooo, ami l.iliing 
depreciation at 10 per cent., and interest at 5 per cent, on cajiilal outlay, the 
annual charge = 15 per cent, of pOooo = ^,900. 



Time t 

FlO. 33f.—Power Cliarf, sliOAintj r-insiunplion nf J-lccJnr ( iuilmU tliiinif' Ktfminj; of Hot 
^^<-(Al in Ht'ioiili I'lirn.M*' 


Charge for depreciation and interest ppr ton of steel refined ^ ^ 


900 X 20 
50,400 


= 4>jil. approximglely 


Cost of Repairs.—A silica roof costs about £12 lor. or/., aijd lasts’for 
100-150 heals. « • 

Taking an average of 125 heals, ihe cost of rcAif repairs per ton ol steel 


i/Qis lof. 6 ii. 
125 X 15 


= approx. 2if. 


The bottom of a 15-ton furnace lasts about 4000 to 5000 heats, with ordinary 
fettling between each heat. An estimate of general and ordinary repairs to 
lining, roof, and mechanical [i-irts of pftnt is placed at 9 / per ton.* 

Cost of Power.—From 100-150 k.vk hours are'required per ton of steel 
refined. Taking an average of 125 k.w ihours at o'^J. per unit, the cost of 
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power per ton = 3^. i\(i. (The charge for electricity used by the 15-ton furnace 
at South Cihicago is \ per k.w. hour consumed.) < 

Cost of Electrodes. —From io-f4 Ihs. of yarbon electrodes ire consumed 
per ton of steel. Taking the cost of electrodes at ;^i4 per ton per lb.), 
the average cost of electrodes = ir. (xi. per ton of refined steel. 

Cost of Labour.—One meUef, one helper, and one labourer are required at 
the furnace, additional help being given when the furnace is being tap|)cd and 
chai(^ed. No definite schedule of wages has yet been fixed for electric furnace- 
men, and each works settles the'rates of pay to be adopted. "An estimate of 91/. 
per ton for labour is therefore made. 

Raw Materials.-Allowing 5or. per ton for the cost of the molten pig iron, 
and lar. (n/. per ton'ior the partial relming in the liessemer converter or open- 
hearth furnace, the cost of the iiartially refined metal delivered at the electric 
furnace is taken at 62s. (id. per ton. 

Fluxes and ferro-additions: at the projiortions given in the typical charge 
set out on page 440, the cost of these materials per ton is tak<en at 31 g./. 


' Summary of Costs 

Cost of plant, X^ooo ap[)rox. 

Depreciation and inteiest. 

kepaiis.i . . . . 

I’ower. 

F.lectrodes. 

Labour. . . . 

Kaw materials ([iig iron) .... . . 

„ „ (cost of partial refining) . . 

„ ,, (Iluxes and ferro-additions) 

I,oss of metal. 

Management expenses (50 per cent, of labour) 
Royalty—not included. 


/ r. 

004) 

009 

° 3 
o I ' 6 
009 
2 10 o 
012 6 

0 ,s 9 

020 
0 o 4i 


Cost per ton of liquid steel . ;J 3 ’5 'i 


IVorlin^ Costs. 2}^-foil Ftinutie prodvdnf; She! fmm Semp for Steel Castings 

Assuming a aj-ton furnace to be installed (which is a f.airly common si/,e for 
use in small foundries), and working night and day shifts, 4 heats can be 
obtained per 24 hours. The average time jier heat for melting and refining 
is 5 hours, although mtieh depends upon the quality of the scrap used and the 
finifhed product required 

Output and Cost pf Furnace.—.A ai^-ton furn.ace (excluding transformer 
or generating plant) costs about /.Soo. Taking the cost of the installation at 
^'2000—hssuming that power F siqiiilied to the fyrn.ace from an outside source— 
and pMowing 10 per cLnt. for depreciation aqd 5 per cent, for interest on capital 
outlay, the annual cbaige on this account = 15 per cent, of ^2000 = jfyso. 
Working '260 days per year at 4 heats per day (24 hours), the annual output 
= 260 X 4 X 2J = 2600 tons. 

Charge for depreciation and interest per ton of steel 

300 X 20 , 

= = i-r. Ao!. 

2U00 
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Summary of Costs 

Per ton pf litjuid sl’cel for carbon ^tccl casiiii^s. Tlio followcobts have 
been compelled from data in ou) ixtsscssion :— , 

Cost of plant, pCicaao a]ipio.\. 

/ < ,/ 

Depreciation and interest . . i . . . . o 

Reliairs to walls, roof, and ineclianKal plant 

(roof lasts about .Ho heals) • , ■ • o .■ n , 

Power, 750 k.w. hours at jicr unit . o iS 1, 

,, heating up at week-l-nds . . 010 

Electrodes, 30-40 lbs. (asera^e 35 lbs ) at a,/.., 

(K'r II). • . o s 10 

Labour *i nielter, i helper, and 4 lahouieis . o u o 

Raw materials, 19 cwt. scrap at 55c toit ■ ( : iH .) 

,, „ 2 cwt. pig-iron at 65.. Ion . I 

., Iliixes .lud ft rro alloc s o | (1 

Management cxpen.ses (50 per ccnt ol l.duiui) o ; o ♦ 

Royally—not included 

Cost per ton of hipnd steel . ,(. 5 ^ 


Till-. Cl' tt.s I'.i.Hi tro-BI'S.sI'.mkk Immin m i-. 


This fuinaee has been 
and electric processes, 
by refining liessenier 
steel in the same fur¬ 
nace with the aid of 
electric arcs, thus avoid¬ 
ing the necessity ol ' 
transferring the blown 
metal from the con¬ 
verter to an eJeotne 
furnace, as is done m 
the ordinary duple.v 
process. 

Description of the 
Furnace.- 'the furnace 
shown in Eig. 232, is a 
closed vessel mounted 
on trunnions, having an 
opening on one side 
through which the 
charge is introduced and 
theslagwithdrawn. One 
end of the furn.ace is 
fitted with blast tuyeres 
for “ blowing ” ; at the 
other end electrodes arc 
arranged, which pass 
through the furnace 
lining, and are adjusted 
by the ordinary inde¬ 
pendent methods, either 


designed with the object of combiiimg the lles.senier 


I \iXi \ 

1: 



Fio. 23:4—Cuttb Klcclro-licbhfincr I'uinacc. 
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electrical or mechanical. The electrodes are fitted with cooling jackets of cold 
air or water. A tapping hole is provided at the electrode end of the furnace, 
which may he used for the removal cf the finished product if desired. 

Operation of the Furnace.—The furnace is pre-hcated in the ordinary way, 
and is then charged with the molten metal direct from the cupola or blast 
furnace mixer, the furnace being previously tilted into the horizontal position. 
It is then brought to a vertical position with the Bessemer portion containing the 
charge. The blast comes into action as this position is reached, and the process 
of conversion proceeds as in tlw ordinary Bessemer convertur. Meantime, the 
electric portion of the furnai e is heated by the hot gases, etc., evolved from the 
blow. On the completion of the blow, the furnace is rotated through 180 degs., 
and the metal transterred to tlie other end. I'he current is switched on, and 
llie refining oiier.ation carried out. 

It is claimed that the utilis.ation of the flame from the Bessemer operation 
heats the hearth to such an extent where the electrical refining is carried out, 
that a considerable saving of elec triital energy occ urs during tlic second stage of 
the process. If the pliosphoius content is low when the eleitrical operation 
commences, the energy consumption is said to he less than 100 k.w. hours per 
ton of steel jiroduced. If, however, both dssulphurisation and dephosphorisalion 
are to be carried out, about 190 k.w. hours per ton of steel are consumed. 

The Rothenbukg Electric Furn.\cf. 

Description of the Furnace.- This furnace is designed for three-phase 
alternating current, and the ends of the electrodes are immersed in the slag, the 
voltage being below tli.at necessary to produce arcs. 'I'he general arrangement 
of a i2-incli electrode furnace is shown in Fig. 233. The furnace is cylindrical, 
and is built up of mild steel ifialcs, lined with an acid or basic lining as 

desired. . 

'I'he hearth is reniov.able, and when the melt is completed, a hydraulic ram 
is brought into contact with the underside ol a,truck fixed to die hearth, the 
hinged bolts are released, and the liearth is lowered and carried .away on the 
truck the steel being potireil over the hj) at one side hy Rie.aid of a crane, see 
234. The rep.aiiing of the hearth is easily carried out, and if a now lining or 
'exlmisive repairs are reiiiincd, a spare hearth, kojit in readiness, can be quickly 
substituted. The time requiiedi for lowering the hearth, pouring, and replacing 
is about 12 minutes. 

The electrodc.s are protected by water-j.ackcts, which extend to within a few 
inches of the bath. Hy this means it is claimed that the fritting experienced 
with unprotected electrodes is aveyded. The electrode holders are made the 
. same size as the electrode?, so that the whole of the electrode may be fed 
tliiqugli Ihe jacket, resulting in 90 per cent, being available for use. By the 
foregoing means for utilising the clo.tiodes, the original necessity for bringing 
tlii; luinacc cover near to the heat zone is avoided, and conseiiuently the furnace 
is constructed with the crown ,n a considerable .height above the level of the 
bath.,. One furnace, w'nich hac been at work .for three years, has not yet bad the 

crown renewed. , 

Operation of the Furnace.- Before the charge of metal is introduced, a 
bath of slag is first' melted in the hearth. Low carbon scrap in compressed 
bundles is then chaigesl at the side door above the b.ath, whilst light scrap is fed 
in through the hopper .at the top. Big iron with scrap, or ore, can be melted 
and refined ip the furnace if desired. The slag can be tapped off if necessary 
through the pouring lip of. the hearth, the hole being opened with a bar m the 
usual way. , 
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The process, worked usually with col 
pure materials being clfargcd in such 
desired final analysis. The furpace is 
operated by current of constar^f ampe¬ 
rage, as opposed to the ordinary sui)ply 
of constant voltage. This enables the 
voltage to vary with the resistance of 
the bath, and once a bath is established, 
the power demamf remains practically 
constant. It is stated that the power* 
factor of this furijace is about 90 per 
cent. 

Working Data and Costs.— A i-ton 
furnace has 10-inch electrodes, with 
hearth 48 inches diam., and bath of 
metal about 6 inches deep, A charge 
of mild steel scrap takes 4 hours to 
melt, which at 250 kilowatts = a con¬ 
sumption of 1000 k.w. hours. Workiftg 
with pig and scrap or pig atid (?re, this 
figure would be somewhat lower. 

The cost of maintenance of the fur¬ 
nace amounts to about is. per ton. 
The consurniitioti of electrodes amounts 
to 25 lbs. per ton of steel ]irodiire(l, 
which at 2,/. per lb. = 4(. it/. *rhe 
labour is confitied to the he.id tnelter 
and the common labour reipiircd to 
charge the scrap and |)our tlie steel. 

'I'he cost of the furn.act is approxi¬ 
mately /^loo pet I inch diani.mf elec¬ 
trodes,/.c. a i-ton furnace having 10- 
inch electrodes wbuld cost, approxi¬ 
mately, ^1000. 


d scrap, is almost entirely a melting one, 
proportions to give approximately the 



I'l*'. 23.V—Tlic Kulhcnbur}; I tiiu.tfe 


The Gin Eekctkic Furnace 


(t: 






The (Itn furnace is not .so nnirh a 
new type of furnace as the apphe.ition 
to existing types of an arrangement 
which has bet n dt signed with the 
object of circulating the metal in the 
bath. 

Various methods havt been adopted 
by inventors of electric furtoces for 
circulating the molten metal so tliht it 
may all in its turn come into contact 
with the refining slags. With a view to solving this difficnjty, the (jin furn.ace 
has been introduced, the arrangement of which can, it is claimed, be aiiphed to 
both induction and electrode furnaces. 

Fig. 235 shows its aiiphcation to an electrode furnace. Dejiendant upon 
whether single phase or three pliase cuVrent is emi'loyed, the furnace is arranged 
with two or three hearths, one beneath .each carboA electrode, and the.se are 
connected together below the level of the molten metal in them by inclined 


I'lG. 234 j-Rcniovttblc Jltarili of Kulhcnbur^; 
burnate, hliowint' Mclbod of Tipping; 
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channels. The current passing down one electrode, traverses the bath, passes 
through the connecting channels, and out through the otiier bath and electrode. 
It is stater), that by reason of the heat induced h the connecting channels, and 



'' 'I 


Fid. 235. -The (Jm Fmnacc. 

the dilTcrcnce in level between their ends, the molten metal rises in them and 
passes from one hearth to the other, with the resiilc that a continuous ciiculation 
is set lip, wliirh tends to maintain the metal at an eveti tempeiaturo. 



CHAPTF.R XFII 


COMBi:^RD ARC AND RKSISTARCE njy'XAC/'N 

The type of furnaces cTescribed in tliis clia|)tcr cml)odK's the coinlnnrd features 
of arc and resistance furnaces. In such fttrn.accs, curient is rained througli 
electrodes suspended over the metal, thiough which it passes to poK' pieces, 
or electrodes builjinto the sides oi bottom of the ftirnaee. It is cl.nmed by 
makers of these furmices that the metal is heated more tinifoiinly tlian witli att 
resistance furnaces. Owing to the vc^y stn.ail resistance, ^owcvei, which a bath 
of metal sets up, the heat prodijj-ed liy the passage of euirent llirotigh the b.ith 
is very sm.all compared with the heat of tlie aie, and consecnu ntly hut little 
advantage can be olitained by this means. A dilfereiice of opinion i \isis as to 
the advantage or otherwise of pole pieces Iniilt into the lining of a (iirnaie. 
Simplicity of design is, however, of great importatu.e, if these fuiiiaees ,ire to he 
of real i)r.actionl and coinmeicial value. 

All furnaces described in this chapter are more or loss nio<hlii ations of Sir 
Wm. Siemens’original ftirn.ace, illu.sirated in Fig. 220/>, jc |i.S, and in.iny ol the 
designs are practically the same, hut for small details intioducerl with the ohjrct 
of promoting more efiicient working. 

The Giupi) I'j.Fa ruic FunNAric 

Description of the Furnace. -The arrangenu iil of the (iirod fuin.ne will be 
seen from Fig. 236,Vhieh illustrates a furnace of 2.I loiis (apacit)'. The fiiinacit 
consists of a shell, built up of stt el pl.itcs (eircular or recl.ingulai in pi,in), inied i 
with basic material, and iirovided with doors in the walls for ch.ugiiig, teeming, 
and slagging. The whole is mounted upon a r?adle and tipped electiically or 
hydraulically. 'I'he roof is composed of sihea bricks, with which c.ist-iron 
water-cooled (jlocks are built, and through which tint ele ctrode or electrodes 
pass. The number of elei lrojes is determiind by the si/e of the furnace. 'I'he 
current, which may be e.ther conliiiuous cr alternating, enters by ih( iipjier 
electrode (or electrodes), ares across the ga|) between the end of the glertrode 
and the slag, traverses the metal bath, and passes out through steel j'ole pieces 
built into the bottom of the furnace. 'Ihese steel pole pieies are in direct 
contact with the bath, atid become molten at their extreme ends pin n the 
furnace is working, while their niter ends are w.iti r-< oob-d as shown in l ig. 237. 
Since all the arcs are m parallel, the furnace work^ at a low voltage, r.c .Jiout 
50 volts. The carbon electrodes .are fitted with hand and automatic regulators. 
The bath is heated both by the arcs and by the resistance set up by the slag 
and metal to the current ]iassing through them, but by far the greatest amount 
of heat is obtained from the arcs, which presumably set.up the circulation of 
the bath necessary for the refining reactions. This furnace is used for the 
production of steel from the cold’charger, or for the refining of molten metal. 

In early designs, the electrical cohngctions were' airanged as shown' in 
' “Stahl unil Eisen,” tjlll, July 2uth. 
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Fig, 238 ((?), with the object of connecting up the furnace to the supply with as 



I'lG. 236.— The Girod J urnace. Fio. 237.— Watcr-cooIcd Electrode I 

Giroil Furnace. 



faj. (U (cl. 

Fig. 238.— Electrical Connections for Girod Futn.acc. 


little expemlitiire on cable as possible. This resulted, however, in the arc being 
deflected towards the side indicatetj by the arrow, and consequently the bath 
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was not heated uniformly, and also, the lining on the side’of the furnace most 
exposed to t^e arc was fapidly destroyed. With a view to remedying this, the 
arrangement of catles shown in t'ig. * 

was adopted, but here again ^he arc was 
deflected to one side with the same results 
as before. In each of these cases the steel , 
pole pieces were insulated from the furnace 
shell. In the latest design, the connections' 
are arranged as iif h'lg. ayS (i), the return 
current from the bottom electrodes I.eing 
tapped from the (urnace shell (which is yii 
contact with the pole pieces) above the 
metal bath. 'I'his h.fs resulted in a more 
uniform heating of the bath, and a longer 
life of the walls and roof In addition, it is 
stated by the inventors that a swirling arc 
is formed which stiis up the bath, the con¬ 
sumption of electrodes is more uniform, and 
a saving of em rgy of about 10 pel* cent, 
over the original inethod is elb 1 n d. I'lg 
.239 shows a di.igram of the elecliic circuit , 

of the furnace. i.ieni 1 nm.ne. 

The si/c of the fiirnai e and the time 
between sm cicsive heats, the condition of the < hargi' and the ipiahty of the final 
product, have a considciahle healing upon the 1 oiisuinption of cneigy. With a 
furnace of 3 tons nominal capacify, working with ili.iiges of varying weight 




refining molten open hearth steel, the giergy consumption for best^ rjuality and 
medium quality steels is given in Fig. 240, The valuer plotted are the results 
of actual working. 


2 o 
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Either magnesite or dolomite is used for the lining of the hearth and walls, 
the roof being of silica bricks. , , 

Operation of the Turnace. —The'refining of,^ charge in the furriUce is divided 
into two jieriods :— • 

(1) The oxidation period. 

(2) The deoxidation period. , 

If a cold charge is being worked, the scrap is melted down until it becomes 
liquid, and the temperature attains* that of a charge put into the furnace hot. 
Ore is then added gradually to the bath, and the carbon, maiixanese, i>hosphorus, 
and part of the sulphur are oxidised. ^I'he oxidising slag is withdrawn at the 
end of this period, and the last remoy.ible traces of phosjiliorus are removed by 
means of lime. The' deoxidation and dcsulphurisation are carried out by the 
addition of lime, sand and fluorspar, ferro-silicon, and petroleum coke or waste 
pieces of carbon electrodes. As soon as the slag is fluid and free from oxide, 
the additions of ferro-silicon and ferro-nianganese are made, and the charge is 
poured. 

' Output and Cost of Furnace. —The cost' of a 2j-ton ihrn.'icc, including 
regulators for the electrodes, measuring instruments, tilting mechanism, and 
conductors from the furnace to dynaino or transformer if placed near the furnace, 
= £(>00 a|)proximatcly. A i2.t-ton furnace itith similar outfit co.sts approxi¬ 
mately ^1200. The output of either si/.c of furnace depends of course upon 
whether it is being used for melting and refining, or refining only, and also upon 
the degree of refining reijiiired. A 2.t-loii furnace melting cold pig iron and 
steel scrap, producing good quality steel castings, will produce a heat in about 
6 hours, or 4 heats per 24-liour day. A furnace of this si/.e would therefore 
give an output of about 50 tons of liquid stetl jier week, or 2500 tons per year 
of 250 working days. 

Assuming the furnace to be supplied with current from an outside source, 
the cost of installation of a 2^-1011 furnace would be about ^2000. Allowing 
10 per cent, deiueciation and 5 |)er cent, interest.on the outlay, tlie annual 
charge for depreciation and interest = 15 per cei;t. of ;^'2ooo - /Sioo. 

Chaige for deiueciation and interest per ton of liquid steel 
_ 300 X 20 ^ 


lU(>rhni; Costs {per Ton of liquui Steel for Cot Ion Steel Costingi) 

Cost of Repairs.—Tile figure of rar. per ton is given' for the cost of upkeep 
of furnace and wear and tear of plant. The intense heat of the arcs necessitates 
frequent repairs to the lining, and renewal of the brickwork of the walls and 
roof. When used for refiiung only, a 2i-ton furnace roof will only stand from 
60 to 70 heats, while the walls iiiusp be rebuilt after 120 heats, at the end of 
which time the hearth' must he thoroughly reiiaired. The cost of a dolomite 
lining fof a 2|-ton furnace is,,about los., and a magnesite lining, ^35. 
The cost of repairs ar.d upkeep will be taken as '12s. per ton of liquid steel. 

Cost of Power.—^The consumption of power for a 2l-toii furnace when pro¬ 
ducing good quality steel from common scrap is 8oq to i;oo k.w. hours per ton, and 
allowing 10 per cent, loss in the conductors, the figure of 1000 k.w. hours per ton 
is given. With selected scrap, which will give the required analysis of steel when 
melted, and thus reduce the refining operations, the power consumption varies 
from 650 to 750 k.w. hours per ton. 'I’liis necessitates, of course, the use of 

* “ Joufnal trim arul lyicef Institute,” 1910, I, p. 151. 

• ‘ Foundry Trade Journal,” 1909,11. 150. 
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purer materials, so that, although the cost for power is,‘thereby reilured, an 
increased cost on mat^ials is ciitailed. Kor relbimg Ihiid open-hearth or 
Bessemer mefcl, the power consiiniption,is*ahom .503 to .5^0 k.w. Iioiirs pci ton. 
Fig. 241 shftws the lluctuations in current during a heat. * 

It is interesting to note that a j.J-ton lurnaee liaMtig one carbon electrode 
and 6 hearth poles, requires about ql gallons qf water iht' niinute lor 1 doling the 
carbon electrode in the roof, and i J gallons per niinute for cooling the poles in 
the hearth. This water abstracts an ainoufit of heat Irciiii llic luinace equal to 
I3'4 k.w. hours pea ton of steel, when the furtfcce is used tor rcruiing iiTolten 
metal. , 

laking 1000 k.w. hours jier ton ns the consiiiii|ition for uKllitig and refining 
common scrap aiul producing good ipiairty steel lor c.iMntgs, and with power 
taken at O'ji/. per unitf the cost ul power per ton of liquid steel = 1000 x o' p/. 
= .S'- 

Cost of Eleotrodes.- The cost of elecliodes per ton of steel proiliieed is 



! uiii' u! nnnnrrs 

I'lo. 2|I.— I’.'Wi ^ l'lllLhi.lll..rls iliilillg l[< il (HI. si I'Uin.i.c, Kilmiiigt 

given as qr. if the furnace is used for itu limg and refming i oiiinioii scrap, qr 2./. 
if melting good qii.ilily si tap, .iiid ix. 7./. il ri finkig molten metal. 

Cost of Labour.— To woik a 2^-1011 furnace, one mi lter, one inelti r's assisl.int, 
and one hoy^are reijuired. ‘I he cost of l.iliour paif^ jier ton of lujuid steel 
(according to (,'untmental standards) is .\s. (),/. when tin furnace is im llmg and 
refiningconimon scrap, 33. 2./. il melting good»(|u.tlity strap, and 21. il.relmmg 
molten metal. . , 

Cost of Raw Materials. —The raw materials iisi d ki the furnai 1 iiu ludesthe 
scrap steel, together with the oxidising aiW refining mak<jrials such as iron ore, 
lime, etc., and the alloy .additions 'i’he loss in melting and refining ^cel scrap 
is 3 to 4 per cent., so that witli»conniion scrap al*S5i. pc.r ton, the cost of scrap 
material per ton of liquid steel produced = 57X. * To n fine and “ pliysK*’ the 
molten metal, the quantity of lime, lliixes, and ferroalhays will di pemV upon the 
kind of scrap available and tlfe desired analysis of Ihe finislu-J stei I. .An aver.ige 
cost, which includes 2 cwts. of lime, 2 cwts. of iron ore, and alloy additions, is 
2X. 5(/. per ton of liquid steel. . 

'J’he following summaiies of costs. Nos. i and 2, are for the prodticlion of 
steel for castings of similar qinrtity to^liat given in Table l..\ll,»p. 245, and 
Table XCI 11 , p. 473. The terms “ chelii)^ and “good ” scrap n fi r to ordinary 
and selected scrap respectively. 
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Summary of Costa 
1. I'rcuiucing goocf (juality carbon’stpcl castiqgs from cheap scrrfp. 


Cost of plant, /.'aooo. 

... C i. 

Depreciation and interest.025 

Repairs. 0120 

I’owcr.'.150 

Mleclrodes . r'040 

Labour.'.049 

Raw materials—.Steel .scr.ip (cheap qualily) . . . 2 17 0 

bluxes and ferro additions ...025 
Management (50 per cent, of cost of labour) o 2 4J 

Royalty -not included. — 

Cost per ton of liquid steel . . Xs 9 ’tt 


2. I’roducing good quality carbon steel castings fiom good scrap. 


Cost of plant, y'2000. '' 

y r. rf. 

Depreciation and interest. ,.020 

Repairs. ..096 

Lower. 0189 

Llectrodes.0^2 

Labour.032 

Raw materials Steel scra|i (good c'ltiality) ... 3 2 0 

Fluxes and Icrro .additions ...005 
Management (50 per cent, of cost ol laliour) ..018 
Royalty- -not included. —■ 

Cost per ton ol’liquid stqel . . 08 


3. Refining molten Itesscmer or O H. steel. 

Cost of id.int, /,'2ooo. 

Depreciation and inte.'est. 

Repairs. 

Lower ....... .... 

I'ilectiodes . .‘. 

],al)Our. 

^R.aw materials—Lig iron. 

(cost of partial refining) 

Fluxes aiui.'erro-additions 

I.oss of metal. 

.dan.agemeiU (50 percent, of cost of labour) 

Royalty—no'i included. 

Cost per ton of liquid steel . . ^4 4 9J 


Tur. Anderson Llectric Furnace 

Description of the Furnace. —'Lhe a’-rangement of the Anderson furnace will 
be sciii from the accompanying Fig. 24:. 'I'he furnace resembles a tilting open- 
hearth furnace, the roof of which is pierced for the electrodes connected to the 
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electrical supply either in scries or in parallel, according to the work for which 
the furnace is de^signed* Ininiedntcly Ixaicalh the base ;3f the furnace, .ind in 
line with ejicn electrode, arc fuc^l 
electro-magnets, the object, of 
which is to control the arcs and 
to counteract any interference to 
their formation. It is also claimed 
that these electrodes concentrate 
the incandescent ^ses around the 
arcs, so that their heat may be 
imparted to the bath to the best 
advantage. For furnaces of small 
capacity one elcctro-fliagnct only, 
as shown in the illustration, is 
found to be sufficient. ’I'he fur¬ 
nace is provided with a pouring lip 
and with tapping holes, from which 
the metal and slag can be l.i]iped 
as requiied. 'I'he electrodes, 
which arc water-jacketed, aie 
raised and lowered by any suit¬ 
able means. , 

Operation of the Furnace.— 

When used* for refining molten 
metal, the charge is covered with 
an oxidising slag which is allowed 
to remain for about thirty minutes, 
and then skimmed off. A layer 
of carbon is then spread over the surface of the molten metal, and over this a 
slag free from oxygen. •’I'he neutral slag cools the mass and it-sulis in the 
reduction of tht ferrous oxide by the carhon. Manganese ore is then added 
to the neutral slag and completes the elimination ol any lemaming fenoiis oxple. 
When the slag is de«fectly white a carhon test is made, and a mixture of iron aijd 
carbon, together with the necessary alloys, is added in such amounts determine^ 
by calculation as will give the analysis reipiired. A molten charge can he reffned in 
from 1 to 1^ hours, with an average power conswmption of 270 k.w. hours i« r ton. 

When using the furnace for melting and refining, the si-rap, togetlu 1 with a 
little ore anij hme, is charged, the current switched op, and the material reduced 
to a molten condition by the combined an and n sislance heating. slag, 
formed by the lime and silicates of the ore,dloats on the surface o^thejialh, ami 
into this the electrodes dip, but not into the metal itself. ;\n air hj^st is then, 
introduced, and the ipipuritie« of the charge become nxidisi d and enter the,slag, 
which is withdrawn, if a very pure pnfiuct is reipiirgd, one or two .additional 
slags may be formed. .When the last slag is withdrawn, the nei essay alloys are 
added and the charge tapped* ♦ 

I'he following is a typical colik charge :— • • 

Ordinary stetj scrap.5800 Ihs. • 

Iron ore . . >90 ,, 

Lime . . . . . . 57 ° .> 

Ferro-silicon.• 18 „ 

Ferro-manganesq. 3 ,, 

• • 

The charge takes about six hours to mr lt and refine, mth an average iiowcr con¬ 
sumption of 975 k.w. hours per ton of stfjl produced. 


Kic 


Elrcfro maijnet 
242 -lh(' ,^^.i(■rs,'ll Kuriuie. 
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Cost of Refiningi Molten Metal per ton,—The following figures arc given 
by the inventor, and are the result of actual t.orking to^ts;— 


Depreciation anti interest. “39 

Repairs and renewals.040 

Power, 210 k.w. hours ((.) o'3(/. per unit ....053 

Mleetrodcs. 016 

Labour .. . 

Adihtions—ferro-alloys, hnie, and slags .... 0 0 4 

I'icncral management and sundries .026 

Royalty —not included 

Cost of refining per ton of liquid steel . . 4 


Melting and Refining from Cold Scrap 

l)e|ireciation and interest. 

Re|)airs and I'enewals . , . ^ . . . . 

Power, 750 k.w. hours fa) |ier unit . . 

P'.lertrodcs. 

Labour (4 men). 

Raw niateii.als — (lood quality seiap '« Cos. ton 
l.imc, ore, etc. 

Perro .dloys .... 

(leneral management ........ 

Royalty not included. 

Cost per tun of liquid steel . . /,’6 iH 9 


o a 0 
040 
o 1S 9 
o 3 0 
1 \ 0 
3 ,S o 
0 5 o 
o ^ C 
030 


Tilt. CTIAI’I.KT IsI.t'.CTRIC I'UKNACt; 

Description of the Furnace.—'Phe Ch.rplet furnace is made m two types, 
fixed and tilting, and consists essentially of a casing lined with refr.aetory 
material, le.aving a circular ho'rth in the middle, which is covered with a 
removable refractory arched roof, held together m an non fiaine. The 
arrangement of the tilting type of furnace is shown in I'lg, 243. 'Phe furnace 
has only one arc, the loof being pierced in the centre for the entrance of one 
carbon electrode, whilst the return turrent is transmitted to the circuit through 
the bath to a fi.xed steel clcctiode sunk in the fuin.ace lining away from the 
health, and connected to ,'he metal bath by means of a solid b.ar m a lion/ontal 
channel, as shown in the illustration. ‘When the furnace is first started, contact 
between the base of the steel electrode and the chaige n the furnace is made by 
means of iVon bars set at the bottom of the chanrel. .As soon as the charge is 
molten, it flows along the channel, .adheres Ic the steel electrode, and becomes 
solidified in this part, thus forming an uninterrupted passage for the current as 
long as the furnace is operated. 

'Phe tilting furnace may he mounted on rollers and cradle, or on a simple 
pivot as shown in the illustration, in which case the tilting is performed by a 
hydraulic ram. 'Phe electrode is raised or lowered by the gearing of the leg 
crane which supports the electrode. 

'Phe furnace may be used for meltuig-only, or for melting and refining. 'Phe 
loss in the finished charge is estimated at from 3 to 5 per cent. 'Phe following 
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particulars of the working ami cost of produttion in a yXfn Inrnaco hare lieen 


supplied hy the [lateiUojs t 

• • • 

Cost 0^ a 3 ton Furnace.™* 

1 

i 

Fixed type: - • 


/ 

(irounduoik and pit ... 



Ironwork and ciaiu* • 


1 10 

Inteiior lining ... , . 

Vanous ^70Sls, electrode holdt i, ete, ^ 


• 


Total (exi liisire of ccpiu i I'oniliK tors) . . / 'So 

A tilting'furnjre of the same eapacityVosls aliout /, lot. 


Working Data ‘and 

Costs.’ “'I'liL' I osi of inam- 
tenam col the wholcof ihc 
furnace is about 51. per 
ton of steel iirodueeil, if 
workingwithi oldi hate' '• 
For melting and relinme, 
the eonsuiiiption ol elec,- 
trodcs IS .;.t to 27 Mis, 
jicr ton, whilst for melt¬ 
ing and refining tlu con¬ 
sumption is‘33 to 35 Ihs 
per ton. 'I'lic time taken 
to melt 3 tons of steel IS 
7 to 8 hours, whilst to 
melt and n fine the same 
HUanlity, 9 to 10 limns 
are required. The [lower* 
ronsumption \then the 
furnace is used for meli- 
ing only is 7 1 3 t<^ 7 to 
kilowatt hours per ton. 
For melting and lelining, 
the consnmpt.,)n is 915 
to 970 k w. hours per Ion 
(For fnrn.i%es ol larger 
cap.u ity, tiiese figures 
would probably be de- 
(reased.) .\ssuming elec¬ 
trical [lower to be t.iki n 
from su|)|ily mains .n 
o'31/ per unit, the aveiif-’e 
cost jier ton for melting 
only isthercfori' 181 
and for melting and re- ^ 
fining £1 $s. H,/. 



l-'l'l 2^3 The < I'lirnr^rc. 





Tills f:i,1sCik()-Mi.t.\i..s F'.i F.i tku; FTiknack 
Description of the Furnace, -'tlie Electro Metals ftirnacc^is constructed 
under the Gronwall, l.mdhiad, and Stahlane patent^. Its outward a|)pearance 
resembles a tilting oiien hearth furnace,^ith two electrodes passing through the 




Fig. 244.—The Eleciro metals Furnace, 
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roof and with a connection at the bottom for tlie retiinJcutrenI, tlie auaiv^c- 
ment being shown in Fig. ai-t- '['lie furnare is limit iil'fof rast iron or imlit 
steel plates, 5nd «t the bottom is bolted casting, into ’|hii h the i ly troile of 
carbon or'grapbite is set witli'a spcelal cement mi\tme to ensure a gooil 
electrical contact. This electrode is then built in hith niamiesiie Inn ks, and 
above this is an unbroken lining of doloiijite or magnesite, similar to the 
ordinary basic open-hearth furnace. The two top eleetiod.es au' loiineitedto 
each phase of a two-jihase supply, so tha« two indeiiendent ans ari' loimed. 
The electrodes a* regulated either by haiul* or by autoiii.itie regulators as 
required. The roof is removable, and i omposrll of siln a brieks 

Owing to most power supply stations generating eithei two oi thiee phase 
high tension’curr’ent, a two phase furnace ol this type ortfts the advantage of 
using the current supply without the need of rotary eonveiters If two-|)hase 
high-tension current is available, the voltage is traiisforiiu d to a suitable tcnston, 
;.c. ( 5 volts, by means of 2 single-phase traiisforiners (log 2 p; (.i)). ll llin e phase 



current is available, the supply is transformed to two-phase at to; volts by 
means ol .wi ott’s airangemenls of ronnei tions (log ;.)c, {/<)). 

By reason of the ar< s being ind< pendent ol each othei, should one be broken 
the other will probablv •htill he m.imtained, .iiid ronsequently the vioh nt 
fluctuations wh nil at tiiiu s on iir in the jmwer supjdy with an s 111 situs with 
each other, arc not .so si vere with this type of lurnaci. ^ 

'I'his liirnaee is'iiw'd foi is lining moltsn 1111 t.il fiom I’.i sseniei loiiveiters or 
open-hearth furnaces, or fur iiifltiiig and refining lioiii sold nialeri.il-. ^ ^ 


Till KKI.I.IK I'.I.M l'KIi' i't’KNMK 

Description of the Furnace I'he sja rial feature ol the Keller furnace IS 
the conductin'; luarlli, which is made of»reinloir. d (lay. liop b.ys about 
I inch to 1 1 liii hes diametei are spai' d verliially wi the hojtoiii ol U^e furnace 
about I inch to il in<:hes apart, and fitted secuitly t* tin ir lower ends ii'io a 
casting bolted to the she II of the liirn.afi'. Round these rods is rammed hot 
magnesite clay, thus forming a n Ir.aclory hearth which is a < ondurti r when cdld, 
by reason of the iron bars. 'Wie eondueting hotPun of the furnar e is Conner ted 
to one of the poles of the elerllhial supl-ly. r?s will he seen from Rig. 240, 
which gives a sectional elevation of the furnare, the current is sup|iJieil to _the 
furnace by carbon electrode?, and the arrangement is in ojlier res|)ei ts similar 

to the Girod furnace [irevioiisly desrnhr rl m lilts rihapter 

The following particulars are given ' of an H-io ton fjimace installerl at the 
Holtzer Steel Works, Unicnix, fc-il with molten steel Irom a Martin furnace. 
The electric furnace is fitted 'Mth 4 ♦novable ele-trorles, 2 of uieh of which 

* Iron ant] Coal liadcs f^view,” vul. yfi, [’ 9^ri. 




I 
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are in parallel. Thq;e electrodes are supported from revolving arms by flexible 
bars, and pass tbroUjth tbe furnace roof. They can,rtherefore, be raised or 
lowered i^s reijuircd .'(id swung away'from the furnace when hew electrodes are 
rerjuired to be fitted, or when it is desired to femove the roof. I'he furnace 
it-self is mounted on trunnions and is provided with hydraulic tipping gear. 



Kir.. 2 .\(). 'I iic Keller 1'uMiacc. 


'I'he molten charge of 7 toiA 3 cwts. is refined in aj hours with an average 
power load of 750 killowatts, at an energy consumption of 275 k.w. hours per 
ton. The comiiositions O' the metal chaiged and the steel jiioduo.d are :— 

, , Molten charge- ( 1 ; o'ool"',, P ; o’o6% S. 

, Finished steel '0-o.i4%C; o-ooS",', P; O’oo9% S. 

'^rhe consumption of each of the 4*electrodes (ifi indie's square) is J inch per 
hoai, costing 2,Hr. per licat or p. 31/. per ton of steej refined. To work the 
above furrt.ace, i melter and 3,'abourers are required. 


.Tiik. Lkvoz I'.i.ECTRic FOknace 

Description of the Furnace. -The I.evoz furnace is intended for refining 
only. It IS built in c)liiKliical form of iron or steel plates, the top being in the 
form of a donic, and the whole is mounted upon a pair of trunnions, thus giving 
the furnace the appearance; of a Bessemer converter. Fig. 247 gives sectional 
elevations of the furnace. The casing is lined with refractory material consisting 
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site bricks in the lower or crir ihlo part, ai« siliceons bricks in 
part. The ellTiroiJes, which there may hijone or more of llio 
rity, artf arrant;ed aho^e the 1/tTi and pass ihr(l[if;li the doype-shaped 


of magnesite 
the upper 
same polarity', 

top, which at that [Xirt is waten-cooled. KIcelroiles pf op|iosite isil.mlv to the 
above are built into the side walls as shown, and are m clectiic.il contact with 
the upper portion of the 
hath, from which they are 
separated by a partial con¬ 
ducting material ttich as 
dolomite and tar, pitch or 
carbon, or j mixture of 
magnesite and furnace 
ashes. The furnach is 
provided with opentiigs in 
the side at right angles to 
the trunnions, for tfliarging 
the materials,slagging,and 
teeming. 

The metal is melted 
in a cupola and t.ippcd 
into the lurn.ace, wlkcre 
the relining takes ])lace 
and additions are made 
similar to ahe methods 
followed m other retinmg furnaces Tin-necessary c ircul.ition of the nn t.il m 
the hath is said to he set n|) by aTtind of inverse cemenlalioii from iiioln iili' to 
molec ule, the inception of whi< h is l.icilitated li) the dilference of density existing 
between relined and unrelitud metal. 



• Till', \,\'l1lUsIU,s hd iM TKIC h'lIltNACI' 

Description of yie Furnace -I’late I.V shows ihe gem lal .irr,nigeiiii nT*of 
a i2 ton .Nalhusuis liiinai'e and C(|iiipiiient. Tliere are tlin e viiln.il (arhdn 
electrodes ahote the hath, aiianged .it the apexes ol an eipiil.iter.il tii.ingfe, anj 
connected to the three outer ends of the snondary cm uit ol a tliree pliase 
generator or translormer. Stud elertiodes are also built into the bottom of the 
lurnate, and these ate coniu cti d to the inner ends ol Ihe sei oiidaiy i iiemt ol 
the same th?ce'|diase geiier.'tor or tiansfoimei. The^fiirnai e is rylindiiial, and 
mounted on rollers and craille, the tippii^ hung |)eilormcd by means of an 
electric motor. Theie are tliree doors one hi tween cver^ two'top electrodes, 
—through which the hath may he inspected. The bottom ile<lrodc*k are^steel 
castings built into life furnai e bottom Imiiii below and^ c overed with a layer of 
lireptoof material rambled down for foniimg the hath. The whole liirnace 
except the roof, is lined wit^j dolomite, the rook being built with dflias, rpiail/,, 
or other hru ks having a high pen^jiitage of .dum«ia. • 

The top electrodes are susiH uded by ro[)es from luilleys overhead, and 
previous to tilting they arc*rapidly raised by means of ipiiek-ai ting iiiotors,’aiid 
are lowered again immediately the furnace is brought hack tti its working position. 
When it is necessary to renew the electrodes, the holdejs can he drawn side¬ 
ways from the furnace. The ele< trical ap|iaratus, mcsa'siiring instruments, and 
regulating devices are quite separate fjom the fuinai e, and fitted yi an enclosure 
where they are protected from dust am^heat, and irom which the working of 
the furnace can he controlled. 
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Fig. 248 shows \liagramroatically the electrical connections of &e fonitfe 
The three inner end!, of the secondary circuft of the generator or tiansfi^w 
are kept ^separate so that the point of jjmction is transferred'to the bath iteelf. 
The top and bottom electrodes have a continilajly varying polarity,the cun^ 
flowing from one top electrode to the others, from one bottom electrode to the 
others, and from each top electrorje to each bottom one. The bath is, thereforpi 
heated by the surface currents, the currents flowing through the bath, and the 
bottom currents. • ■ . • u 

Iris claimed that the currerfi distribution over the bath sijction, as given by 
this type of furnace, sets up fotating fields round each stream line, which causes 



complete stirring up of the bath and leads to a thorough mixing ^f the metal 
t is also claimed that witS current flowing from each of its main heating centres 
more rapid heating of the bath is obtained than in furnaces where the arcs pasi 
»nly betVeeri the top electrodes, or through the bath from top to botton 
leclrodef only, llie cu|;rent which flows between the bottom electrodes cw 
le increased in strength by means of » specially built generator, or yith the aic 
•f ft booster transformer! . 

Operation of the Furnaoe.-r-For the refining,period of the running of tht 
umacp, the heating of* the slag by the strong,arcs is aim^ at, but later, duriiij 
he deoxidising period, the strong overheating of the slag is no longer necessary 
ind, consequently, the energy of the surface arcs is brought lower down into tlu 
rath by means of tht booster transformer connected to the bottom electrodes 
should it be desirable to allow the furnace charge to stand after the refioiii| 
ind deoxidising perirMi has been completed, the equivalent heat l<Mt b] 
radiation can be supplied by cutting out ^e top electrodes and allowing cwen 
to circulate only between^the bottoiQ ones, producing a resistance heating i; 
the bath. 
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WOTKiag CS 08 te.—Cost per' ton for refining molten opfn heatth steel in 
^on Nathusius furnace, niven by t^ie inventor r— 

Addido*»^ * ’ j 

Otet, 55 lbs. @ a9x. 1/ per ton.. 

Lime, 66 lbs. @ 1 ax. per ton.^0-36 

Sand, 6-6 lbs. @ ax. per ton...» .0 03 

Fluorspar, 8-8 lbs. @ a6x. i\J. per ton.o n 

Petroleum coke @ 38X. per ton . ■ ^ .o’n 

Deoxidising materials— . 

Feno-manganese (60 %), i3 a8bs. (u) 158X. per ton . 0 95 
Feito-silicon( 7 S%). . 

Aluminium, j'l lb. (jS. ^67 jier ton.ou? 

Refractory materials— 

Roof (cost a lox., lasts 100 heats).0-50 

Crushed magnesite, 8-8 lbs. (a) 50X. |)er ton .... o 20 

Crushed fire-clay, 8 8 lbs. C«) PC' .° 

Basic material, 33 lbs. (ul 34 X. per ton.o'S* 

Crushedfire-brick, 8’8lbs. ijil i7<-,6'/.I«-'rton •. . . 0 06 

Electrodes- , , 

ia'S 4 lbs. @ ^14 to^- per ion.• o.S 

Holder. . ... 

Wages— . 

6 men. 

Cunent*— , 

250 k.w. hours (a) 0-36(1'. j)er unit. 7 - 5 o 

Dei.reciiiion and interest— , r /- 

10 % depreciation and 5 % interest on outlay of /:5ooo i 70 
Management charges and royalty -not included. . • 

Oost jier ton for refining. ‘7 33 
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KE^'IS TA lYCJi FURS A CES 

It is only intended to give Itrief descriptions of three fiirijaccs which have been 
constructed on the principle of healing by resistance, in wliich the current is 
supplied to the bath by other means than that adopted with induction furnaces 
described in Chapter Xf,. If properly applied, rcsislanpe heating is in all 
probability the most efficient. It yet remains to be seen whether the furnaces 
described will prove economical and efficient in practice. 

The IlKLiiKRr.ER Ei.kctric OtuciiiEK Furnace 

Description of the Furnace.—The charge in the' llelberger furnace is 
melted nfa ciucible m which heal is generated by its lesistance, and transmitted 



by conduction to the charge of metal. The apparattis comprises an alternating 
current transformer (»/hich may be connected to either single-phase or polyphase 
circuits and at any normal voltage and frequency), connected to the secondary 
side of which are two ’specially designed water-cooled holding devices for grip¬ 
ping the plumbago or giaphite crucible at^the top and bottom. Fig. 249 repre¬ 
sents diagramtnatically the electric circuit?. The transformer and furnace form 
a complete piece of ap|)a*ratus, and ^ice the instruments and switchgear are 
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lounted on the same stand, Ae l-fSiiplete arrangement h<j placed in any 
ositioB to which cables carrying the current may be broiiglj. 

Fig. 350 is»a pljologratib of»a fuTnaee (>& about nao lb>. Pajut ily ; the largest 
ize of furnace made will melt 5 C|>ls. of »teel. • 4 

The crucible is placed between llic bolding de\ loes, and die upper one is 
lamped firmly on to the crucible as shown, the aruial e.mt.ict being iiiaile on 
irbon surfaces. Encircling the crucible are«two tire-clay doors, «h,.h com- 
letely surround the .active circuit, and thus i^t.iin the heat. The nppi 1 holding 
lechanism only co^'rs'the crucible round the ri^i ; the . oiit< nts ol the criji ible 

lerefore can be examined at any tune, and additions uadily in.nle to tin' 

• • 



I • Fir., 25').--Tilt Il^li’cr^cT I uinat-', > 

charge. By means of the regulating switr h, ahli h is on the pnm.ary i...le of 'ihe 
transformer, the current ,11 th? s,.. oiulary cm u.t , ,1.1 be ,var,. d hr., g 
sider.able range, and the time of nifltmg ,a. fel.aatcd or r. i.iid, d as 1 

Oneration of the Furnace. It is found that less (,airreiu is ns.tl when,the 
crucKnd it” charge are^cold than when hot, and for tjns reason the trans¬ 
former equilimeiit is adopted, sine e it gives more e. ononn, al n suits than direct 

'“T,hT»:’o n“,,„«„ ru™»., ,1« =|.., 8 .1...0 ... b. 

land-tipping gent, but n.ll. iV bint. typn Uk- li|'l"ng i' by 

electric motor mounted on the same stant,->as the furnace. 
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To melt 22* IbV of steel, a consumf>tfoit of 100 to 150 kilowatt hours is 
required, which is luiuivalent to from 1020 to 1530 kilowatt hours per ton. 
Assuming that powel can he purchasccj at the rate of o’3r/. per unit, the cost of 
melting |ir)ower only)*is therefore from 5r. fJ. to iSr. per ton. 

Each crucible lasts to'to 12 heats. ' 

The HeriAg Electric Furnace 

Djscription of the Furnace, -In the Hering Furnace, tlje heat is produced 
by the passage of current thr/)ugh the bath in a special inaunep. If an electric 
current is passed through a hath or cohflun of niolleu metal which is constricted 
in cros,s-sectional ai;(;a so that the current density is raised to a certain point, the 
metal carrying the eurient contracts, or liecomes.“ pmrhctj.” I'he effect of this 
on the metal is to set u|) pressure, which may hecoiuo 
so great that a break may occur isn the circuit. This 
"pinch effect” is made use of m (he Hering furnace 
to transmit heat to the hath and to set up the circula¬ 
tion of the metal re(|uired for efficient melting and 
refining. , , 

The arrangement qf the furnace will ho seen from 
the accomiiaiqing Fig. 251. The vertical type of 
furnace consists of a refiactor/dome-shaped chamber 
containing the health, and at tlie toi) of the dome is an 
o])ening tor chaiging the materials. At the bottom of 
the hearth are two or nioie vertit al Sides, which 
terminate at their ,'ower ends in contact with elec¬ 
trodes connected to the electrical supply, the number 
of the electrodes and holes being determined by the 
electiical supply on which the furnace is to he worked. 
The electrodes are water-cooled where they connect up 
to the furnai e. 'i'he furnace is also arranged in another 
design with the metal columns iiu lined; by this means 
less hydiostatie pressure is required,in the columns to 
ensuie the transmission of heat tlffoughout the hath. 

, ' 'I'lie “ pinch effect ” is secured by properly proportioning the cross sections 
of the columns with respect to the current traversing them. A side column is 
provided for further stimulating fne circulation of the metal by making its cross- 
section different fiom that of the columns, thus setting up a difference of pressure, 
and Jhe same result can he,achicvcd by lestrictiiig the o|)ening at tVe top of one 
of the columns as shown in the figure. The columns are made conic.al, with the 
large end at the top, so that when f.ie furnace is shut down with metal m the 
columns, ,the columns of metal will not pull apart when they solidify. The 
columns arc surrounded by a tube, partially surrounded by a rod or plate 
e.vtending the length of the columns, made of a material which conducts at a 
higli tempejature—carborundum, etc —so that if the met.il column is riqitured, the 
circuit will not he brokqn. An fur space is also prrf/ided between the columns to 
ensure'chat current will not pas*s through the rtiinace wall between the columns. 

Operati'on of the Furnace.—When starting the (urnace, either molten metal 
is poured in, which fills up the vertical holes at the base, or a casting (prefer¬ 
ably of the same material as the steel to he produced) is inserted, e.vtending 
downward in the holet co that the ends may he in contact with the electrodes, 
and the top bridged over, insuiing a complete circuit. The heat is produced in 
these metal columns by the resistance dffered to the flow of current passing 
thiough them from the electrodes, aiftj, when molten, the material is charged 



1' uriiaLC. 
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into the furnace throuuli the 0(*Miin); at the lop of l!y ddiiu'. I'lu' heat 
generated in the coliiuins of nietal,i'; transferred to the hitli liy 1111.ins of tlie 
“pinch effectf which latisis ,1'e molteif tnetal to tl<uv nj through the cenlt.il 
axis of the columns, and the UdrosttAie piessuie will ifieii cause if to Ilow 
dowmwards at the circunifererir* ipt the eoluniiis. ' 

The metal is tap|ied fioiii a hole near the base of the eohinins, 01 from a 
spout at the hnltorii nf the hearth. The sl.ig fs lappi d ihioueh a hole sitnateil 
on the slag hue ahoie whieh .111 nm he dra*'n into the fiirn.iei' to loinphte the 
combustion of the uribinned gasis giien oil lroi*i the ihaige in the he.iilh. • 

• 

Tilt; IilKWSKV 1 ll'.eiiuc h'PKNMl 

• • • ^ • 

Description of the Furnace. -In the Igiwoky hirnae,, llu- In .11 is gnu rated 
ill the hiiiiig of the liiinaee .ind tiansniitled to Ihe h.ilh hy i.uliilii'ii .indion- 
duclion. Ihe fiiriiaee is in tl-i toini ol a hollow eilmdii lined wnh nliaetoi^ 
material, and is ryt.ited on n ihrs .iImui Us .ims. Hh .11 i.ingenic nt ol the 
furnace is sliow n m I ig. i s i. 

The eunent IS Ii d to I om.ii I —• 

plali'S fitted to the insiile ol 
Ihe fixed fi.une, and fiom 
lliesc, brass plates (wliiih 
are connected to non plhli s 
set radially III the hriekwoik) 
collect the current. The 
])assage of ct^rruiit throngli 
the iron plates and the iiiler- 
veliing hnekwork, geiierali s 
the heat whieli is utilised foi 
Ihe nielliiig and nliiengot ti - -'S'- Hi'-ii;'" I) Ipiono 

the metal 111 llie inti nor pif 

the furnace The liiniie u-. d is i ilher ai id or hasii, Iml miu e ilir eh 1 Ine.il conduc¬ 
tivity ol the latte’has In 111 toilful lo In- .ihoui 1 w u e .i^ gn .11 as lli.il ol 1 le foinier, 

the condiielivity of heal is .ilso inore, .iiid the n suit is a 1 eil.iiii loss 1,1 1 lu rg)* 

i-ton furn.iee fn op. r.iiioii. li.is non eleetrode pl.iles hiiill inlo ihit 
lining, eaeli gt im lies long ■ milus wide. 'Ihe inlenor ol tin- fiiin.tre is* 

2 feet 6 Miches di.imi ler and 1 li 1 t long, llie lining fwhii li is an .11 id oiu ) In ing 
12 inches thiik. The current iisi d is 600 ampins at 5^0 \olis. 'Ihe lurnaee 
IS rotated hy an elei Iru motor at a speed of levs, (ur iniiuile. 

Operation«of the Furnace. 'Mn n starting up llicVumaee, I ilher a roko.fire 
is placed inside or a g.is ll.ime is insiited, and the hiiekwoik In ited until a 

temperature of ahoiit joo ('. is attained. •I'he inlerioi of the ... is then 

coated with a soliiiuin of hydiale or (.iihonale of* soda, whn h loin«> a thin * 

conducting layer for the < urrent, and hy ri i^soii ol its iiifanih si uiee w lu-n hea» d, 
assists in the radiation ol tin In .it. • , 

The inventor states llul 'he lost of installation is sin.ill, .ind llie,ionsiiiiip- 
tion of power does not exceed*iooo k w. hours pi^ ton of*li. I piodiiri d. U’un 
larger furnaces, this eonsiiiiiplion wfnild |irohably lie soiiu what less. _ 'I'Ih; cost 
of repairs and the labour rciiuin d for working the fiirnaie are aliiiiit the sauie 
as for other electric furnaces. 1 h aiiiig the furnace ahoie 1 jeo n stills in the 
destruction of the lining. 

'I'he following are some of the advantages tlainud fot»flie ftiriiaee:— 

(1) High voltage may he einjiloyed. 

(2) 'I'he possihihty of using any for/^ of current ordinarily eni|iti)yeil. 

(3) Compactness. * * 





CHAPTER XLIV 

THE CHEMICAI. REACTIONS IX THE ELECTRIC .FURNACE 

'I'liF. chemical changes which take place in the process of steel making and 
.efining in the ICIectnc Furnace, are similar to those in kimhed processes. The 
heating agent, being free from sulphur, the process is well adapted for making 
better i|uahiy steel. Other functions peculiar to the electiic furnace which 
mfluencc in some measure the chemistry of the process are 

(ii) The higher temperatures than those obtainable in other steel-making 
processes, and their influence in’refim'ng. 

(//) A more easily maintained non-o\idising atmosphere in the furnace than 
„ in other processes. ' 

The reactions in the process may he divitkd into two parts;— 

(t) 'l ire oxidation period. 

(2) The deoxidation period. ' 

The Oxidation Period.—This part of ^he refining commences when the 
melting of the solid charge is completed, or as soon as the molten metal is 
charged, depending upon whether told or molten charges are being worked. 
The oxidation is carried out by means of .additions of iron ore or rolling mill 
scale, to which is added lime to form a basic slag (the furnaces themselves 
being usually haste lined), and under the heal of the furnace, the silicon, 
manganese, carbon, pbosphorus, and sulphur are'hrore or less oxidised. If the 
carbon content is faiily high, more than one oxidising slag may be required 
befoic the carbon is reduced to the required amount. The oxidation favours 
,the removal of the phosphorus in the h.asic slag, m the form of phosphoric acid 
(IhO,), and the lollowing analyses taken during the oxidation period of the 
(barge in a 3.ton (Inod furndbc, show cleatly the reduction in the impurities 
which takes place, 'l ire metal chaigcd was |)ariially refined open htarth steel 
of (he analysis given, jt will he noticed that the sulphur is, also partially 
eliminated during this period, hut the mam consideialion is the elimination of 
the ithotphorns. ^ 


Oxidation iteriod;— 


* S.implcNo. 

C. Si. 

Mn. 1 

r. 

s. 

Charge . r ” 

0-15 Ir. 

0 ,54 

0-034 

0-054 

After adding 22 Ihs. ore . 2 

O'14 „ 

0 'i,0 

0'02 I 

0-048 

tj 33 II 3 

O' 1 4 „ ( 

o '34 

0016 

0 044 

„ 55, .. '• 

Just before slagging. . . 4 

f 

O'lO „ 

0-29 

o'oo8 

0-046 


When the oxidatioivand its accompanying dephosphorisation has been carried 
out sufficiently, the slag is poured (iff. If this slag were allowed to remain 
during the second ]terio(l, the deoxidising materials would cause a return of the 
phosphorus in the slag to the steel, since the phosphoric acid in the slag is not 
stable. With the object of rendering; this slagging operation unnecessary, 
Mr. E. Humbert patented, in 190;, a process whereby the addition of a 
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reducing material to the oxidising ?lag converts the pliosliliaU^ into a stable 
phos|)hide. 

The Deoxidation Pertod.- It * dii*ii*g the deovniiting period, witich 
immediatcl)»follotts the oxidising ,'>enod,*that the hulk o( tl*' siil|>lnir isjenioved 
from the charge. 'I'lie deo\idi?iiig •-l.ig is formed li\ the .Kldition of lime, s.ind, 
and fluorspar, and the materi.als used for dioxidation are pt troh iiiii eoke aiu! 
ferro-sdicon. 'I'he necessary earhon addition i 4 made at t!ie beginning of this 
period in the form of [letroleum coke, pieces,of < ailxm i Ks Irodi s, 01 coal, and 
a study of the varijus'cii.irges \\liieh follow, njl show that tin* eaihon coytent 
thus formed remains practu.illy constant during this.pait ol the pionss. 

The molten slag, wlmli on dissohhig the ferrous oxide lonned, is Idack, 
becomes whiter asnhe iron from it utiinis «> the hath. .\ii ,kxaniination«ol llie 
colour of the .slag throughout jhe deoxidation puiod malihs the tin n.n i m.tii 
to determine the progress of deoxid.ilion. Ulun the sl.ig Inionus while, it is 
not necessarily indi(*tive ol the lemoxal of sulpluii horn the si., I, hut i.ilher,^ 
it shows the redm tiyn of 1 . nous oxide m the slag, .in.l som. hllle time el.ips. s 

before the sulphur.is ledueed liom the nu lallie snlplii.l. s ... . 

The desiruclion of the feirous oxid.' is . ss.ntiil for d. oxul.ilion and 
dcsulphurisation. hrom the n seaiel^s ' layud out h\ Ilr Ih (il. iikio In 11 
on a Ih'roult furnace, and I’lo^ ssor I! (I'nnn on .1 Koi him.; Kod, idiaiiser 
furnace, both arrixed at the ronchision'ili.it the lemox.d of snlphui inih.'. I. due 
furnace is due to the lorm.ition ol (al. iiiiii sulphide II, howe^ei, < ah niiii 
sulphide IS piesent in the slag, it»has a gie.it ti nddii y to oxidis,- ,ind loim 
CaSO, which if foimed, would act upon the non .is lollows, .iml the sulphur 
would pass h./ckuiito the jlci 1 hath ; 

CaSo, + 4fe = he.s + ;FeO e ( .i<). 

The oxidation of o.ilciuni siil[)hi<I<' is (.laimotl to lx- intpossihlc in ih<* Ift-roiilt 
furnace, first hy reason ol tin: slroiiidly re (liK in^ naiutf of ihc .ind stttind 
because the atnios))hLic the luma* c is ifdiK mg J he (onvt isitm of iron 
sulphide into < a!( pun stilplmk ^s sup|.(r-,cd Id be due Id the pi« si lu t d 1 < .iK uiin 
carfiide, which forms sj'Dnl.ini Dll'-!) in llic (umi.kc iind 'i llix a< linn dI the 
ekctiic arc. 'I'iic .op< ralion of (K sulphuMs.iti'm is ticst nbt il .is lollnus# 

'i'he blron.t;ly reducin;^" sla^ iDriiud on die suif.Kt oi llx- h.idi, lii^t dtoxidisri^ 
the bath in such a way that the im t.dlic oxidts i ass into lh«: sl.i^ .inii are# 
reduced to metal, whicli relurns into the steel liatli, while the r.d< lum (aihidc la 
oxidised to lime and carbon inonovule. Alle'i^ tins reaction is CDiiiph ted f/.c. 
when the slag and llie lialh coni.un no lDn:.t( r any nu lalln oxidt s), dir rrdiii mg 
slag acts on*thc metallic siil[ihid(s and ridmes #li( m m foiming cahjum 
sulphide:— 

heS d- C -r CaO ^ ( A f he 4 <'(). • * 

MnS + (■ t ( aO - ( aS t Mn% (.(). • • * 

• . • 

d'he slag formed is white, and disintegratrs to a while j*f>w(ler on exposure to 

the atniospitere. ^ 

'I’he above investigation*, •confirm Prof. Ostflm’s exjirrinunis on a i-ton 
Roehling-Rodenhauser furiuue. He found that sffiphur was not n niovrihif llte 
deoxidiser (ferro'Silicon) wa?#repla< ed by ferro-inangancsc. hurthrr, it the sjag 
contained considerably more Ilian 2 t^er m nl. irfin, the^ removal <4 siiljihur 
was found to he unsalisfactoiy. Prof. Osnnn « oiu ludf s tlint an iron < onteiit in 
the slag prevents dcsulphurisation of the steel iMth. following results are 

given of the working of a hard charge 

• • • 

* “ lion and Coal Tra<Us l^vicw," vitl \> 2jo, 
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Experimen-I in 2200-lb. Ruchi.ing-Rodenhauser Furnace. 

Analysis'of Bath, 

■ . ' ,C Si Mn ' P S 

Analysisof bath after treatment with mill scale 0105 o‘oi6 0'204 o’oi2 o'o69 
Added r i lbs. of 50 per cent, fii'rro-siiicon 
(egg si/ce) .rnd 3,^ lbs. of coal. Slag made 
from 22 lbs. of lime and 8'8 Ibsfof fluor- 
s’par. When slag was Iluid 'the analysis 

ol bath was.4 . . roy 0'092 o'agS 0'020 0'044 

II lbs..of lime, 4'4 lb', of 50 per cenp ferro- 
siheon (pea si/e) and 4^4 lbs. of lliior- 

sitar thrown on to slag.roy 0-096 0-234 0-013 0-028 

Since slag was still dark, another addition of 
2-2 lbs. of 50 ]ier cent, ferro-silicon and 
2-2 lbs. of lluorsp.ar was made. Colour 

r, of slag became lighter. roy 0-19 0-263 o'o>5 

Again, 4-4 lbs. of 50 .per rent, ferro-siht on 
and .p.) lbs. of fiuorspar added. Sbg 

now wbite. Kurnace tilted ..... 1-05 0-25 0 263 0016 0-008 

Composition of last slag :— , 

•Si": CnO l -,0 >ln(I S Fe 

28-66 43-3 2-59 o-yo 0-45 21,22 

As illustiative of ibe changes which occur during the oxidising and de¬ 
oxidising o|)erations, the analysis of the slag probably indicates moie clearly the 
jirogress of the refining, and 'I'.able XCll (p. 469), giving the working of a 5-ton 
charge in a Rochhng-Rodenhaiiser furnace, shows the reactions which take place 
during the oxidation and deoxidation periods. 4 

'I’hc dcsiilpluirisation carried out during the deoxidising period may also be 
seen horn the following analysis taken during the refining of a Girod fuinace 
ch.Wge of yo5o lbs. of molten open hearth metal. 'I'he prei wdrog oxidation jieriod 
of this same ibarge has been already given on page 466. 

Lfeoxidation peiiod ; — 

,s.iiiiiil« \o, C .Si Mn P S 
After adding 52-8 lbs. of petroleum coke 

and 110 lbs. of refining slag ... 5 0-50 tr. 0-26 0-010 0-034 

After adding 88 lbs. of reli.iing slag . . 6 0-50 tr. 0-26 0-010 0-038 

„ 66 lbs. of refilling slag^ . . y 0-49 tr. o-ay o.oio 0-026 

„ I./8 lbs. of ferro-manganese 8 0-50 tr. 0-49 o-oii 0-026 

„ ' 2-2 lbs. of powdered |)etro- 

leum cokeand II lbs. of fcrro-silivon 9 0-52 o'-oy 0-52 0-015 0-026 

Af’er adding II lbs. of lerro-silicon . . 10 0-52 ,0-14 0-52 0-012 o-oi8 

„ • 8 8 lbs. of lerro-manganese . 11 0-56 0-14 0-61 0-015 o'oio 

Final sample 12 0-56 0-14 0-62 0-015 o-oio 

It would ap|iear from the investigations made, that the formation of calcium 
carbide plays an iir.poitant part in the desulphurising reactions, although con¬ 
siderable difi'erence of opinion exists as to the way in which the reactions occur. 
Mr. E. H. Saniter,' tb whom the steel making industry owes much for his 
investigations into the question of the remov.al of sulphur from steel, doubts 

^ “ Juurnal Iron and Sle'tV. Institute," 1910, II, ji. 206. 
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.whether calciurr. rarhide has anything to do witfi destdphurisation. It is at any 
rate evident that flui'rspar is in some incasun; responsi[)le for the reactions which 
occur, as wlien used both in the opefi-fiearth and electric furtiacA, it is accom¬ 
panied by a reduction of suli)hur in the steel.* A continuance of tHe investiga¬ 
tions into the subject will no doubt establish definitely the actions which take 
place, and iirobably result in economical and rapid methods of desulphurisation 
in most, if not all, of the tyiies of steel-making furnaces employed. 



ch.\i‘ti-:r xlv 


coMPOsir,io.\ OF cii\if:i:s *fmi’/.fvI'O, ,ivn / \m/. 

JA'D OF .\JI:P!. I’POnrCFl) /.\“////- fi.'i.cipic 

PKOCKSS 

• 

'I'llK nianufacturo.of steel in ihe elMliie funi.iee can be < I.issitu <! uiulrr (hreo 
licads;— 

(1) Steel made from pure raw m.ili naN, nielud and “killed” onU. as in Alie‘ 

rriiciblc furnat ^ % • 

(2) Steel made Iruni cold uat^naK melted and r( lined, piodnem;^ steel of 

sujierior (|ualily to that ol the law maleiials <'hai^< d. 

Kefined steel firodiii ed from blown coinMltT inrt.d 01 i^itL dly reMined 
molten open-hearth st<*el 

Steel produced under heading (,j) is the result of the duplex pr*M.ss, />. the 
combination of the ItesvMner coiuerler and ebitiu' fuiieue or the opt n hearth 
and electric furnai e. 1 h scnptio^s ol the inaleiiaK nstd in the diipb \ processes 
apjrear m Chapter XXWll, and nhieiue -.hiaihl be made to this ihapter 
for descriptions ami di tails of*char^es retimsl m the elettiie furnace. 

lly fai the laigi,sl propoition of sie -1 made in the eb c'tnc fuinaei from cold 
materials is made trtun si^ctd sc raj* Pi;^ iron in larj;e propoitions m the cold 
(barge is seldcyu used, as it prtilong-t the opi ratem, In eaust' of the increased 
presence of c'orhon and other impuniu s m the ii-ui, which take lone.i i time tia 
lemove, and c‘«i; ii.Myientlv mote elei tie poutr, as wtll as high'1 wutkmg eosls. 
The usual jiractice is to < barge stec 1 s( lap ol sm h anal\Ms as will gi\f as nearly 
as possible when nulted, llu- rcjuired cailion < ontent to the* finish'd sUs 1 . Ijy 
this means the refining period is redu* ed to a mintimiin, and the * osi of working 
thereby diminished. In easi.s wheie high «.i^hoii tool steel is produced, and 
scrap tool steel is not available, jug ircjn and jnire iron bar < uttings are used, 
mixed in sin h jiniiiorlioie, as will give as ne.irly'^s jcossihle th-* .b sired stc*el. 
'['he jirocess then is j^acin ally one ol melting and “killing” only, as m the 
crucible jiroccws. ^ , % 

'bhe following table’ gives th'“ jiower rc-ijuir*'d V) jirodiue i ton c^ shiel, aivj 
shows clearly the sating m jiower in w<)r^.mg with s- fajistee' . - , 

Kilo-ii.'<jtt-houi \ /naiuif/fcr (h-- /'hh/uidon ,*/ t ton ./ jAv/ i luhAn/i.iUier 

K hour'. 

From cold pii; iron. 1500 1 

„• liriiiid iron . , • • • 1200 

„ cold I'lg iron anil cold sci.ip . 000 -i 

„ li(|uid pig iron and cold sciap . '600 1000 

„ cold scr»[i ...... 

* “ fQdiiial It.jii and Stc(.l*tnsiituie,” lyrr, II, !>. 221, 
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Uses of Electric Steel. —With the dev(Sopm«nt of the electric proceis, more 
and more applicStioifs are found for the steel produced, and it_is impossible to 
give a definite list of'the uses to whifh this'stee] can^e put. Nf)t only is the 
electric furnace now ysed for making hujh-speed and carbon ‘tool steels similar 
to those fhanufactured in t^ic crucible furnace, l 5 ut< it is also being used for the 
production of special alloy steels and steel castings. (The large furnaces 
working under the duplex piocofs are being used for refining steel for rail 
ingots, etc.) 

The limitation set upon the use 6f steel from the electric furnace is that of 
cost, !.nd conseiiuently, only higher grades of steel, which cofnmand a fair price, 
are made in the electric furnace when ckarged with cold raw materials. 'I’here 
is no question as to the quality of thq steel produced, and frvqucvtiy the steel 
made by the electric furnace is of higher quality than that made by the older 
types of fuinaccs producing steel for the same jiurpose. 

From the above it will be seen that, so far, the electric furnace may be 
considered as a competitor of the crucible furii.ace, small Bessemer converter, 
and small open-hearth furnace, and its ultimate partial or 'complete displace¬ 
ment of these older types of furn.aces will depend mainly upon the comparative 
costs of manufacture nf .steel in each jirocess. In Table X(T 1 I is given a 
list of analyses of some of the steels whfeh have been made in the electric 
furnaces referred to. 'I'bey, however, in no way indicate the limits of analyses 
of steels which it is possible to make in any one of'the types of furnaces 
mentioned. 

Materials used in the Charges. —The (piality of the materials used and the 
composition of the charges vary within very wide ranges, and dyptAid not only 
upon the raw materials available and the ([qality of steel to be jiroduced, but 
also upon the type of furnace employed. In furnaces where scrap charges arc 
commonly used, rare should be exercised in the selection of the scrap, and 
where this is jiurchased from an open market, some method should be adopted 
for its classification and supply. The [lig iron used with the scrap in the charge 
should be of good (|uality and as free as possible from phosphorus and 
sulphur. ‘ ‘ 

Ty])ical an.alyses of suitable pig irons arc given in T.dile XI, page 14. 
f'ool Steel Charges and Analyses.—For the jiroductior. of tool steel in the 
etectric furnace, proliably the most economical method is to simply melt and 
“ kill” high quality raw materials, or, in other words, use the furnace as a large 
crucible healed electrically. It has been by means of the use of high-grade raw 
materials that the crucible furnace has maintained its position as the most 
suitable furnace for the manufacture of high-giade tool steel, Qnd it is by 
following these nielbods that the electric furnace is most likely to compete 
commercially with the ciucible furn.afe. It must not be forgotten, however, that 
the electric ffirnaie has the advantage over the ciiiciblc furnace in that 
considerable reliumg of the materials can be cairied out in. it, consequently less 
expensive raw materials can be used f.i the electric lurnace and still produce 
equclly as good Mee! as would be obtained from the crucible furnace using better 
quality ma'.eiials. Provided that the steel from each process proves as 
econonveal m working,'die deeding factor iii.tlie use of high quality materials 
in the electric furn.ace simply melted and “ killed,” or lower-grade materials 
melted and refined, will be in the cost of production. 

Following are two typical charge,s' of matcri.als used in a i-ton Kjcilin 
furnace for the produefion of carbon tool steel having the following analysis :— 
C, o'4 to 2'o |X'r cent, ; .Si, 012 per cent., .\ln, 034 per cent.; P, o'otq per 
cent. ,'"8, o'oif per cent. , 

* “ Jouriuxl Iron and Sled Iistltatc,” 1906, 111, pp J 97 - 9 . 
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I? 

* () 

Charge i.—Production of carbon tool ste*el from'high-grade pig iron, scrap, 
and briquettes, in thf Kjellin furnace. 


Materials charged;— 


Whitt pig" iron. 

1457 

lbs 

Steel scrap. 

439 


Briquettes . . . 

320 


Ferro silicon (50 % Si) . . . . 

17 

it 

Ferro-manganese (80 % Mil). . . 

15 


Aluminium :•. 

I 

OZ. 


Progress of hca*-;— * ' • Units 

Tunc. c « consumed. 

5.30. Charging § of pig iron.— 

S o .. . . . . 67-5 

6 - 30 .. • • • 76-25 

7.0. Charging remaining 1 of pig iron and the scrap.82-5 

7- 30.^.85-0 

8.0. Clear niefied 83-75 

8.30. Briquettes added.82'5o 

9.0 .82'5o 

9.3* Briquettes added . . . .'.82-50 

io.o. 82-50 

10.30. Briquettes .added.82-50 

ii.o., 5 . . 82-50 

11.30. 82-50 

I Ferro-silieon and lerio-inanganese adtied. 73-75 

1 Tapped. , - 

Total .... 1046-25 


Time taken, 6.3 hours. < 

Power consumption, 2046-25 k.w. hours. • • 

Analysis of white pig iron (llerr.ing) : C, 4-0 ]ier cent.; Si, 0-15 per cent.; 
*' Mn, 0-18 per cent.; P, o-ora per cent.; S, o or per .'eift. 

An.alysis of briquettes: Fe, 59-0 per cent.; S, o-ot percent.; P, 0-006 per 
‘cent.; SiO.^, n-o percent.; CaO, 2-5 percent.; AkO,, 0-5 percent. 

♦ I . 

Charge 2.—Production of carbon tool steel from high-grade pig and scrap 
in the Kjellin furnace. 

Materials charged* 


‘ White pig iron.914 lbs. 

Steel scrap.13,72 „ 

I''erro-sjlicon (50 % Si). 4-1 „ 

Ferro-manganese (80 % Mn) , . . , 6-5 „ 

Aluminium ».. i oz. 

Ihe tittle taken was 5 hours, and the power consumption 793 k.w. hours per 
toiti of steel produced. * 

Analysis of pig ivon, same as in Charge i. 

High Grade SteeJ Casting and Iilgot Charges.—Apart from the manufacture 
of tool steel, the electric furnace is applied to the manufacture of steel for steel 
castings and, high grade steel ingots. ^The material commonly used is steel 
scrap, with or without a spiall proportion of pig iron to give the desired carbon 
content. The following are typical ^Barges:— 
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Charge 3.—The follwving^ is typical of Ciirixl furnacj; i)tBCtice, producing 
steel'castings. , 


Materials charged— , * » 

I’ig iron . ^ ' .*.• 5S0 lbs. 

'I'uinings . . . . ... ! ;o „ 

Scrap iron and steel . . ^ . . . 1010 ,, 

Return scr.tp from foundry ..... nts .. 
Lin^e '.., . . . 130 ,, 


Fcrro-inanganesc, ferro-silicon* and aUiininuiin added as rc'iuirod, 
dcpetKling upon the' gr.ade of fcte'el to he prodiiy d. • 

• • 

The charging takes about 1 hour, and the melting and relimng alioul 5 hours, 
for a charge of 3380 lbs. 

A typical analyses of the steel eastings produced is— 

Cf 0-53 ",0 ; Si, o'.|7 t "o ; Mn, 0 :7^ "o . I', Ir.i' e , S, o 01; 
giving a tenarily of 35 7 to 40 tons ^icr simarc im h. 


r/wrye 4.-dlerouU Kiirnai e ( li.vrge. The following 1 h.ugc'is for .1 ri-ton 
Hcroult furnace working tinder favourable i onditions, prodin ing hw^irbon steel 
ingots. 

Co^inuenced heat . .’. 5 - t° P '"- 


Charge - - 
Scrap 


2 tons I o ewts. 


First slag • 

I.iiiie . .*.90 Ills- 

I foil ore ..*... . 4 s !• 

Slay; removed.0.30 [i.m. 

Second slag - 

lame. 9 ° 1 '’^- 

Fliiorsfiar. .• . . . -15 .1 

I'erro-silicon. -2 ,, 

Ferro manganese. 7 .■ 

Coke dust. ... 4 „ 

Pig iron (.added at S.50 p m^ .... 55 ^ 

Aluminiuin. . t • i 

• • 

Finished. *') P-m- ^ 

Total time •. 3 hours 20 mins. 

Total units . .«. . • . 13-° • 

Units per ton ...,.• 55a • * 

Weight produced .... 2 tons 7 ewts. 2 qrs. 15 1 . 

. 1 . ( C. Si . Mn !>• S 

Analysts 0-037 o-i8 0 005 trace iier cent, 

^ "Foundry Trade journal,” 1910, p. 150* 
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Charge 5.—Xypical cold scrap charge' w(Jrkdd irr* a i-ton Stajssano Furnace 
producing mild steel^castings. 


Materials chained— 

* Cast Stef 1 scrap . . 
Sheet steel scrap . . 
Turnings . . . 

„ (very rusty) 
Hematite pig . * 

Ferro-silicon . . . 

Ferro-manganese. . 

Lime. 

CalciiTm carbide . . 


55° lbs- 
770 >. 
33° .. 
154 ,, 

• 62 „ 

ri,. 

7 >. 
66 .,, 


Analysis of steel produced (average of 8 charges)— 

C, 0'207 % ; Si, o' 236 %; Mn, 0-421 % ; P, 0-027 %*)^ S, 0-043 %. 
Tensile strength of castings—26 tons per square inch. 


* ‘*Joynai Iron and vStcol Institute.” loii. 11 . d. 224. 
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DEVELOr»!IC.\'T .OF F/.kClFIC SFi F.I. .U.lM'I-.IL 1FUF 
• /.V C.UXAP.l 

Electric Furnaces in Canada before the War, I'nor y) ihr war tiu- fullowfiit- 
companies had electric fitiiiaco instailalioirffor tire inaiiuf.iciiire ul si.-cl ■ 

• 

Electric Steel and Metals Co., W. l- i 6-ton I l.'rmilt . 1 .. Inr futnace, 
land, Out. • ’ 

Armstrong Whitworth of Cajiada, i j ton I k'roult .i. clin-finriacc. 
Montreal, Que. 

5 rj-tirn fiirn.ir.s of fixed design 
liut of the All' type, an.l 
t i-ton frnn.iei’. 


Canadian l?ral?eshoc C»., SherProoke 
Que. • 


Electric Furnaces in Caifbda, 1917 During the war the following com¬ 
panies have either installerl new fnrnae. s oi .idded to thi ir previous ei|uipment, 
making the po-sition to end ol nyi 7 as follows • — 


Electric Steel and Metals Co., Wel¬ 
land, Out. • , 

Armstrong Whitworth of Caiiaila, 
Montreal, IMJ. 

Canadian Brakeshoe Co., Sherhrooke, 

P'i- . . , 

Canada Cement Co., I.imited, .Mon¬ 
treal, P.fJ* 

British Forgings, Limited, Toronto, 
Ont. 

Turnbull' Electric ^Metals, Limited, 
St. Catharines, Ont. 

Wm. Kennedy i Sons, Collingwood, 
Ont. 

Water Iron Works, New l.iskeard, 
Ont. 

M.anitoba Steel Foundric«, Limited, 
Selkirk. , 

Moffatt Irving Steel Works, Toronto, 
Ont. 

Fraser-Brace xV Co., Limited. Shawi- 
nigan F'alls, P.fJ. t 

Thos. Davidson Mfg. Co., Montreal 


6-ton IK’tonll furnaies. 

■I 6 Ion I leroiilt fiirnai 1 s. > 

j i 

1 2^lon Siiydi'r elietrie furnace. 

.) 6-ton furiiaees, r,f llc'roiill l)pe. 

j ■ 

ig 6-ton I leroult furnaies. 

I 6-fon IkTOult furnace. ^ 

1 3-ton I lerliult furnace. , 

» •’ 

r I Cyan 1 IcMJult furnace, , 

t 2-ton Si;yder electric furnace j 

) 

'* r 2-ton Moffal-Irvnig design. 

I 2.1-Ion Heroult furnace, for nianu- 
f.i( lure of pig iron, 

^4 6-Ion Sriyder electric furnaces. 
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Electric Purpaces for Ferro-alloys anf Ile»tro(Jas.—In addition to these 
installations, which are mainly used for the manufacture of steel'for ingots or 
steel castings, or low phosphorus pig ‘iron,*the /ollovting ccjmpanies operate 
electric furnaces for the manufacture of fCrro allpys ;— • 

. • 

Electric Metals, Limited, Welland, 4 furnaces with capacity to produce 
Out. 50,000 lbs. per day of 50% ferro- 

silicon. ' . 

4 furnaces with cafacity to produce 

24,000 lbs. of 75’i', ferro-silicon, 
and 13,000 Ibs^ of ^ 85 ferro- 

silicon., 

5 clectri* furnace^ for the calcining of 
coal for the manufacture of elec¬ 
trodes for clecffic furnaces. 

I 2-ton electric furnace. 

I 1 i>-ton electric furnhce. 

I 1 ;-ton electric furnace. 

•Of company’s design, known as the 
Stanfield-Evans design, for the 
. production,of ferro-niol)bdcnum 

and other ferro alloys. 

I I-ton furnace, and 
I 1 f-ton furnace. ^ 

for the production of these amounts 
of ferro-molybdenum daily. They 
are made to the Company’s 
design. 

The Electric Metals, Limited, were maniifacturin'g ferro-silicon before the 
war, but have added to their equipment, ni.aking life total instalfation as above. 

The quality of the steel produced in the electric fiirnacej has been, on the 
whole, better than that produced fioni the ordinary oi»en-hetirth furnaces. 

' All electric furnaces, excepting those of tlie Thos. Davidson Mfg. Co. and 
fne Manitoba Steel Foundries, Limited, are basic lined. 

The companies making steel from the Ileroult furnaces use charges consisting 
largely of shell turnings. The composition of the turnings is approximately the 
same as the final product required ; it is therefore largely a meljing process, 
adding such additions to the charge as necessary in order to produce the required 
results. , _ i 

TypicaJ Shell Steel Charge.-^Tbe following is a typical charge for siiell steel 
of a 6-ton llcaoult electric ^uinace : — 

15,350 lbs. of shell turnings. 

400 Ibsr of |)ig iron. 

' 50 Ibf. of iron ore. < 

200 lbs. of lime. 

75 lbs. of fluorspar. 

175 lbs. of coke breeze. 

66 lbs. of ferro-manganese. 

88 lbs. of ferro-silicon. 

IJ lbs. of aluminium. ' 


Tivani Electric Steel Co., Belleville, 
Ont. 


International Mfg. Co., Orillia, Ont. 
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• • 

The resulting steel givf;,s an*nntlfsis of approifimately ;— 

'o'4 ", carboy. • 
o'*2 sAicon. • 

075 m.v)g.inc?e. 

' plio^phonis. 
o'04 sulphur. 

Electrode CoQSUinption.— lire cousumpticui of I Ici'lia'tnci^v apprr»\inralcs 
between 600 aiul 650 L.w. per ton o( strel proiliiceil .''1 nous liouhli- h.is peeii 
found in procuring «iiilab!c electrodes, arul ihe^'<>n‘'Uinptiun per ton ot ‘te^l has 
varied from 20 lbs. to between 40 and lbs per ttm 

The increase the niamifactiiie ol .Kririe sinl in I'.in.id.i h.is l.md a 
lieavy burden upon the producers ol iiritrodes, tlie cb.«*l dilhuillv'in llns 
res|iect being jn obtannng utnftnin ipiahtN of 1 nislud .inlln.ii He 1 isil in sullu lent 
rinantily. troubles also ha\e bmi 1 \pcnencrd m i.il'imiig die .inlln.iiite 
coal, Uit they have*now betn inasliieil. * 

By the cointes^ ol one ol the in.nnif.niiiu rs I .nii 111 a |o^iiion to give a 
cost sheet showifig the cost of hiiind st.il in the l.idle liom .1 6 Ion Ih'roiill 
electric furnace, ojierated dining tin- iiinnlh .il ( '1 loin r, yi)it> 1 h. |,.nltc til.-fls 
given cover ihe iiietai lliixi s, ri frai t»iu s, IWioiii. and snndi)#m.ii, 1 nils loi d in 
the produclion ol the stei 1. I’.tit of ihe tiiin-i«,) luin.ici w. n at lonk 

1 also give 1 barge .Old cost of sn i;! niado ni .1 b Ion Siodii iKiiin luiii.ne 
constructed h) the'I'lios D.nidsoii M.niilai tilling Co , .Montn.il.w • 
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LIQUID STEEt 

4 , 

TABLE XCIllB ' ' 

Chasge and Cost of Steel made in 6-ton Snydei. Electric ycRNACK 
, CO ISTRUCTED BY TII0S{AS DAyiDSON MFG. Co. 


Cost, Liquid Stctl. 

Bavia pre-war. 

Bobis Average, 1917. 


Dollar<;. 

Dollars. 

Dollars 

Dollars. 

200 Us. shell en<ls or heavy scrap i’ . . 

0.65 lbs. 

130 

, 1.07 lb. 

2,14 

8oo ,, crop and return, and sundry . . 

0 6> ,, 

520 

1.07 „ 
o.62i „ 

8.56 

000 ,, slieel hdls., liirniiif's, etc. . . . • 

025 „ 

250 

6.25 

8o ,, , low phosphorus j}ig iron 

150 „ 

120 

..’•40 , IF 

1.92 

10 ferro-silicon ($0%). 

2.00 „ 

20 

4.00 „ 

0.40 

l6 ,, ferro-manganese (i^%} .... 

2.00 „' 

32' 

7-41 

1.19 

4 ,, ore. 

0,15 .. 

01 

0.30 „ 

O.OI 

000 Ib-s. after furnace losses .... 


10-73 

- 

20.47 

(xx) k.w. h. electricity. 

0.006 k.w. 

li. 3.60 

0.0142 k.w 

h. 8.52 

10 lbs. electrodes . '.. . 

/•05 ib. 

0.05 

0.18 lb. 

1.80 

refractories. 

- (N 

0.60 

— 

■'■35 

labour . 


1.50 


2.50 

Administration and deprcciarion, etc. . . 


>'■'■93 

2.25 

- 

34^64 

4.00 

Cost per net ton li'pud steel in ladles . . 


$19.18 


$38.64 
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COSTS AND LA^HOUR 

CliAI-il'R XfATI 

/\/so\ (U' C('>\/s»o/ / 

1. PfOiiui(J h tiu SiVfu /ri’it'.u'. 

2. by Ji[firrnf //('([A 

The following tablets arc i>re|iarc(l (lom the costs ot 1 1 i((oui(*(| hi ilio pre¬ 
ceding c^iapters. *I able XCIV gi\cs th*' cost ot siiil suiiaMc (oi castings 

* 

TAiirj-. \< kv 

Costs ihk I<>n oh r,nH:ii) Sinf iRnDMiD is ('kiih.ii Kukna(J‘., ^l.l; Smki 

< As I ISi.s ‘ 

_ • 

j ; , I y|.< . ..I c nn I .Ic («MI. 


I 


No 

i •• 

» , 

I Itfinl. 

• 

1 f. f.i. ; 

till lilsili 1(1 

• 

C ..kr |,|< .1 
4,... l,..l .. 

1 1.1 r.ltlt <1 

.. ,u»:i,t 
•• l< iul.- " 

• • r lil.’.l, ijf Ilf 1 Jlivc 

'■ 1 'ohli II) ■■ Nc W 

r 1 III' 1..11U “ 

I 

Cost of furnaec . . . • . 


/, I2oo 



2 

No. of furna<. 

^ 1 

1 

; 10 

1 2 

3 

Output in tons pci \Ncek 

-s 

: 25 

2S 

25 ; 25 

4 

No. of shifts . , ^ . 

2 

1 

1 

2 ' 2 

5 

No. of heats per sluK* 

3 

' 3 

4 

5 ^' *3 

0 

Size of cnK'il)lts U'.< (I 

75 I*'- 

7Sllo 

SS li-s. 

73 k • 7 S lh> 

7 

No. of tru'.il'lcs in <..o h nu lung 
hole 

2 

4 

3 

<> k2 

8 

N*). of inelutig holes 

' 12 

12 • 

lo 

4 ^ 

9 

j Maxtinum weight of callings 

I $ e 1 ' 

ev\ls 

20 . W Is 

it; ewis. 15 iwls 

lO ; 

KjikI of fuel used 

• 

( wke 

t ok. 

C-k. 

• 

I imI g IS < <m 1 g 0 

([■•'■'I } (pD*l ) 

11 \ 

[ 

Price of fuel per ton 

ly.M 

, ' ■' 

2V. U 

Is* 

/, ‘ 

1"' loi, 

L •- J */. '■ <! 

12 ' 

1 Icj'fei i.iti<>n .and interest . 
WoiUing costs • 

2 > 


* ‘ 9 

• 

. 8 '1 , 5 < 

i 

*3 . 

l\< pills. 

4 

• 5 0 

1 !(* 0 

6 0 5 • f 

14 ■ 

hutl .• 

2 1 1 

I 0 4 

ISO 12 .1 

*5 

(.’rncihles. 

\<) 0 

10 

' ' 5 . '* 

■ 0 .4 10 

10 

17 

Labour + 50for utan.ige-* 
meiii 

Power . 

1*10 i) 

• 

1 

I le> u 

• 

‘ 9,4 

* 3 

1 IH 10 1 ir> ij 

• 

18 j 
! 

Raw lualetials, includitig 
arldilions and losj 

'4 2 I I 

4 2 II 

• 

4, 2 tl 

• 

4211 4241 

1 

i’otal cost i»f lujuid steel 

£9 (> <• 

9 A 

• • 

/'I 5 9 

/S II 0 /S 1 2 




* Imu full (lelJilb of each cost, see chajAi'> rclaiing !.»ea< h t)pc of furnac*-. 

* lliis type of furnace is more lirofiiabh^when used lor larger outputs. 
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produced in different Crucible Furnaces. The materials used in the charges 
arc of the same morey value in each case, a^d the lofs in each furnace is taken 
as being the same. The “ Ordinary form ” Siemens Furnace ia'better adapted 
for larger outputs, fhereby reducing the coft nf steel per ton. The Forced 
Draught Furnace, on ihe other hand, is more suitable for smaller outputs. ' 

In Table XCV the cost of st -el for carbon and high-speed tools is given. 
The operating costs differ only slightly from tliose in Table XCIV for making 
steel for ordinary castings. The la'uour and fuel costs are a little higher, but 
the inincipal item of cost is matbrial. Thus, for high speedi fteel, the materials 
of which the charges arc coifiposed m.ay cost from to jCaoo per ton. 

' s TAhl.K XCV " 


Cosis i“rk Ton ok I.it.niio Siin 

riOfDI'l Kli l^ 

Cruu.iiie FuRtrACFS, FOR Tool Sieei.' 



Type of funiare used—ordiiury ( )kc fiicd Huntsman. 

No 

Item. 

Carlton tool 
site!. 

llij^h speed tool si 

... . 

els. 


r 

0 ,• 

A uratle 

H Ri.ade. 

C giadc. 

— 





-- 

1 

(.^ost of flirnarc. 

/^I200 

£\200 

jC 1200 

£i20.i 

2 

Ovitlt 'It tons per wick . 

25 

25 

25 

25 


No. of ''lufl-r . 

2 

2 


2 

4 

No. of licais per bliifi . 

3 

3 

3 

3 

5 

Average kapacily of cruciMt s. 

55II,.. 

55 ib'. 

55 Ibt.. . 

55 

6 

No. of iTucil]lt.-s in each nu-ll- 
111^ hole 

2 

2 

2 

2 

7 

No. of mfltini:; luilcs . 

16 

16 

16 

i6 

8 

Maxiiniiiu wtij^hl of ingots . 

15 ewts. 

cwls. 

15 cu ts. 

15 cwts. 

9 

Usual ,, ,, 

50 Ihs. 

50' 11 )S. 

50 11)S, 

50 Ills. 

10 

Kind of fuel useil .... 

Coke 

( oKc 

Coke 

Coke 

II 

Trice per Ion of fuel . 

28f. 

L s . 

2'6 s . 

£ ;■ L 

£ s, 

281. 

jC -f- 'C 

12 

Interest and depieci.ilion on 
furnace 

Woiki;"' Oosis - 

3 0 

3 0 

3 0 

3 0 

'3 

Repnrs . 

4 9 

4 9 

4 9 

4 9 

14 

. Fuel . 

440 

4 iS 0 

4 iS 0 

4 iS 0 

15 

Crucil)lcs . . . . 

13 b 

>3 f> 

'3 b 

13 6 

16 

l.aboiir + 50% for manaj^e- 
ment 

<277 

2 7 7 

2 7 7 

2 7 7 

17 

Raw inalerial.s .... 

‘3 3 3 

74 12 5 

75 *3 11 

' 

150 12 10 


Tolul cost,of liquid steel per ton 

£20 16 I 

£^2 19 3 

£84 0 9 

/158 19 8 


' Foi* full ilul.uils u^cach cost, see Chapter X. 


, Table XCVI shows'that the surface-blown |>lants ern bo adapted to almost 
any si/.e of steel foundry. Fq' ordin.ary and higl) quality castings of large and 
small yieights, it is equally we,'l adapted. Even double the highest output given 
in the table, namely 320 tons per week, could be produced by duplicating the 
plant, and castings correspondingly heavier than 2'o tons could be procured if 
four vessels were bring “ blown ” at one time. If, however, the, bulk of the 
castings produced weie each over 20 tons in weight, it would be advisable to 
instal larger converters and fewer of them, or open-hearth furnaces. With refe- 
lence to the .small oiilputs given in the table, namely, 18 tons per week, the 
price per ton of steel in the ladle is qearly 20 per cent, higher than that of the 








Comparative Costs per Ton of Steel from Surface-kiown C"N\ektfk I'lasts, capable of pi^oducing from 320 to 18 Tons 

I'ER Week, '^ikkl Ca:5[inc.< 1 r-m 20 Tons Wticm i'> 1 in i- a< k‘ • 
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Table XCVII gives a comparison of cost's ol steU for castings made in a few 
types of electric futyiaccs. 'I'lie cost of ocrj»p given in the cold charges differs 
in each case, but the molten pig iron for the charges which are I'efined, is taken 
at 5or. ^r ton. ' r , 


lAHLE XCVII 

tx 

OmrAkATivE Costs vkr T<in <h: Lh.'Uid Sttei, pRODucti) in ^'riECTRic Furnaces 
FOR SiFKL Castings' 




Ciuod furnace. 

Kfivliline-Rixlenhauscr 

,ifiirna<e. 

Hcroult furnace. 


ItClIIV 





'15 Ion fur- 

7\ Ion fur- 



Mchint; 
cold svr.ip 

lUliiiiiig 

molten 

clurge. 

Atehin^ 
void bcr.ip 

Kefining 

iiiolieii 

charge 

nace retming 
inolieii 
cli.irge for 

nave melt¬ 
ing cold 
scrap for 







rails, etc. 

castings. 

, 

(‘t>st of ctjuipmt nt 

jC2000 

" 12000 ' 

;f 2 r 50 

/3540 

/fSooo 

£2000 

2 

No. of furnaces . 

1 

1 



3 

Capacity of fin naves . 

2\ tons 

2I tons 

2 tons 

5 tons 

15 tons 

2j tons 

4 

No. c^f )ieUs {)cr 24 

4 

10 

4 

8 

12 

4 


hours 







5 

No. of shifts . 

2 

2 

2 

2 

2 

2 

0 

Output in tons per 

50 

12.S 

.40 

200 

1000 

50 


week 

jT s. 

'• L 

1 s. d. 

L ‘I 

L s. d- 

L r. d. 

7 

Depieciatiiui and in- 

2 5 

I 0 

3 <’ 

I I 

4 i 

2 4 


teiest 








Working costs — 







V 

Repairs .... 

12 0 

4 0 

2 y! 

2 8 

9 

2 6 

9 

Tower 

I 5 0 

S 6 

1 2 8 

. 7 3 

3 '4 

19 9 

10 

I'dectrodes , 

4 0 

■ 7 

9 ' 3 


1 6 

5 10 

I 

Tahoui .... 

4 9 

2 S 

2 I 

9 

6 0 

12 

R.uv nialei laK . 

217 r) 

349“ 

2 12 

340" 

3 4 6 ’ 

2189 

»3 

' 1' luxQ'^ indadilUioiis 

2 5 

I 7 

2 () 

2 6 

3 9 

4 6 

Itf 

Management (50 % 

2 A 

I 2 ), 

3 i! 

1 0} 

44 

3 0 


, of labour) 







Cost of liquid steel per 

■ 

£S 9 

£a a y! 

/'4 <3 4 

1 

La 0 7i/;3 15 it/j; 2 8 


ton 





' 



' I'or ■‘iull dcIaiK of <.mc1i cosl, see cliaj icis rcl.iliiij^ to each type of furnace. 

* Cost of nn'llcn pi^' iron is taken at 50/. per Ion. 

’ This host of r.iw in.itcrul,'^ sliould he incrcaso<l, when comparing it with the others given in 

Tdhle. 

Royalty charges, ladle lioating and re[)airing, and water coolipg of electrodes, arc not in¬ 
cluded in tlic above costs. 

Cost of liower is taken 0’3</. jter k.w. hour ihrot'ghovh 

n ^ 

Table XCVIII gives the comparative costs of steel made by different pro- 
ccFses for the same classes of steel eastings, such as automobile and other like 
intricate castings. 'The processes ^nd furnaces can be employed also for 
medium quality castings. 






TABLE XCVTII 

Comparative Costs ok Steel pkodickd is Different Furnaces for Steel Castings.* 


COMPARfSON 'f)F COSTS OF UQUm STEEL 

* c / >> • 

S o ^ y N '♦o 2 

5 I ^ s ^ N N I I 

. r» 1 « . - j ““ 
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For full details of each cost, see chapters relating to each type of furnace. 
Cost of molten pig iron is taken at 50^. per ton. 


















TABLE C 

Comparative Costs of Steel produced in Different Furnaces for Ingots, Output from 1,000 to over 10,000 Tons per*\Veek 
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I 

Table XCIX compares the Bessemer, Open-hoirth, and Electric processes 
for the production pf steel up to 320 tons per week. The costs are based on 
maximum outputs from each plant.. The electric furnace costs do not include 
items of',cost, such a'„ royalty charges, and lad’.e |)eatmg and repairing. 

In Table (' are Compared the Bessemer, Oper-hearth, Talbot, and Electric 
processes in producing steel ingots. The pig iron in the molten charges 
is taken at 5or. per ton. The most remarkable cost is that of the 3S-ton furnace 
melting cold charges. , ' , 

American Bessemer Converter 'and Open-heabth Furnace Steel 

« . , Cosia COMPARED. 

Abotit five years ago ' a most careful and laborious investigation was under¬ 
taken by {Commissioner Herbert Knox Smith of the U.S..^., for the Bureau of 
Corporations investigating steel costs m typic.al pladts, with the object of estab¬ 
lishing some definite record of the actual costs of items of expenditure in the 
production of steel rails and liillets in Bessemer and Open-hearth plants, together 
with records of tlie prpfits and losses of the various Steel Companies engaged in 
such manufacture'.,. The investigdlions v<ere most exhaustive, and made by a 
large staff of men “under the direction of an expert steelman,” who examined 
numerous .accounts from tlie various manufacturers who'together produced 93 
|)er cent, of t.ic total rads in the United States during the period of five years 
under consideration. 

In view of the value of the information collected, for comparison with cor¬ 
responding items of losts of steel produced by the various processes of steel 
manufacture summarised in tins cha|)ter, the following Tables, Cl, CII, CIIl, 
and CIV, luve been prepared from tiie Commissioner’s figures. 


TABt.F, Cl 

Cosr i)E I'KomiciNC, Besskmek Big Ikon (,m,i. ITjsikicts), uuxing 19021906 
Toiai, ions I'HonucEi)—51,902,699 


' Itcin*-of Cost. 

Price per ton. 

Cost per toll of pig 
iron. 


£ 

r. 

il. 


s. 

J. 

Nell tolal mclalhc nuxlurc. 

0 

lO 

(<i 

I 

10 

5 

ColvC . . * . . • '. 

0 

'4 

oi 

' 0 

16 

2j 

Liuieslonc . . . 


— 


0 


9 l 

L-Tbour ^ ‘ . .... * 


— 


0 

3 


Sleam . j . . . 




0 

0 

6 

MatcnaK HI rep.iif'.in<l ni.uiitt luincc .... 


— 


0 

0 

8 

Siip'plic-v and tools.. 


— 


0 

0 

6} 

Miscellaneous .uid general works’expenses 


— 

, 

0 

I 

2 

(lencral expense. • • 


—• 


0 

I 

6 

Kehnin^ .iiul renewals 

' ' 

— 


0 

0 

9 

Dcprecif;tion. . ... . 




0 


7 i 

TotaJ, 

. 

iS 

4 i 


' “Iron Aec,” vol. 82 (190S), p. 1987. 

’ The ilcni'if latioiir does not include, for 2'iuoh of The tonnage, the labour of unloading 
raw materials and producing sle.rm, which fome of the companies include in the cost of taw 
materials and in the item “ Steam.” , r 
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Items of (‘••••t 


* t t.>r^ 


4 ivcr f^ii . f»«i|v 


Ikssemcr pig iron * . 
Waslc . . . ^ 

Laltour . . . ^ 

Manganese, eic . 

Fuel . , . • . 

Steam . . • . ^ 

Moultis 

Rolls . .... 

Materi iK iti ro|nJt| .id'I 
Supplx-s aii<l took .* 
Misi eit.tiH'ous aii'I ge\icr.i 
t r^•^cral exps iise . 
l>e|)ten,»(ion . 


.uii(( n uii < 

% 

1 \s < -rk N t \j ' 




7 i 
S / 

\ li 
• 5J 
•’* 7 
- 7 J 
o Si 
> 0 

1 l\ ♦ 
.* l\ 


• , t-'‘I M li :l 

- •, . 

<‘ps r.tl mg eo-.i-^iii I nii\ ( I|i nil I i‘ n-m /i i:i • 

‘ 1 he ilifrcrence in pt u t •ff pig 11>iii It> mu i ti it < n <In < nu t pi,; tinn m | ili|. ( | 
IS (iuo to van.iyons in tlie of ili. - xn -s of tniu, ig. , m-l lo Ik,. ii -mu' >>1 tli<' itou. 


r M'.M • III 

('osT OK I’RolM ' ING 1 AK',1 1) I s) M I K A M > < ) | | S • 1| I \ »^ I 11 .S I M I l!ll I I Is 


1 Mils IM' .'ll. . I cl'll t.^ t. )C 


kIS'. l'>OJ loof> 
I .1 . 


Iicirs Ilf i ' • I 


I’lg iron an«! .(.raj) 
W.iste . . . 


('ost of jiig iron .tn-l -'Cr ip m hill' \ ■< 
Variation in co-t ol mgois* . 
l.ahuur. . f . . . 

Mang.inesc an<l fluxis 

Fuel. 

Steam . , . • . . 

MoiiliK ... * 

Rolls. 

Mateiials in repairs and m^ini'n.uu e 

Supplies and tools. 

Miscellaneous and general ^orks’oxpi 

General expense. 

Opcn-licarlli rebuilding .... 
Depreciation.♦ . 


Total. 


2 M) 'J 
o S ti 

( 7 

-> 1 h 

o I« 

O I 

O I OJ 

o 2 <jI 

<> .» I 

o t «( 1 

o o .M 

• I f i 

,u u ^ 

005 




/, ■/ 

o 1> 10 

I -1 d 

.J .* 3 

o 6 7 
o 2 5] 

O 

O I O’, 
o ♦ u M 
O O 2 9 

o 111! 

O I 0 • 

• I 7 ^ 

O O Oi 

9 O 

o o 5J 


6 III 


’ This \arialion is ihicfly liuc l.f the fur lliat nnly ,i |iiirli<in ..f lilt inn'.'. "iR'Ii' *' '>■' 
for large billets, and llic average |>nce at ^hi.^i tins porllun was used uitTetcd by thrl me 
from the average cost of all ingots, . ^ 
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TABLE CIV 

Comparative Costs, Sei.mnc FriAsi, and Prspits‘iN the J>it06uCTi0N op 
, , Steki. Bii lets DURiNc;^ 1902-1906 . 



<* *' 




0 

■u 

Item 

Year. 

IJessemcr. 

Oi)cn-hc.i'th. 

Average selling 
prices of 
Pes&emer and 







Cost i«tr ton 

,rrot"it jKir Ion 

Cost pvr ton. 

Profit por ton. 

O.H. steel 
Ililleis. 

V 


jC b 

£ n 

£ -f- 


£ r. d. 


lIlKhesi (1903) 

5 .3 0* 


6 0 

— 

5 18 lij 

2 

I-owesi {l'/:i5) 

3 12 7 l 


Ua 

Cs 

0 

— '• 

4 5 9i 




' 



(1904) 

3 

Avernj^e (1906) 

— 

0 '5 5} 

f - 

• 127 

Average dur- 






*• 

ing ueriud. 

f 4 

I owevt (1906) 

— 

027 

<■ 

i «5 

£5 1 3 


2. The cosl of X‘3 121 yh/, WAS merely ibe cosi for' sled sold, but'about 9 limes as much 
more steel was m.ule and used liy the same company at a cost of /3 161. id.^ which js perhaps 
aLviier, and eertainly a more sigiiirn,ilit tionre. 

German Steel Costs.—'I'able (iv is ^ircpafcd from costs (;iven by Mr. F. 
(iiassniaii ’ for niamif.ictiiriri}; steel in the [irocesses eniimerateil. The items of 
cost arc pf interest when compaied Milh those in the other tables. 

s i 

TABI.K CV 


Basic .Sieli.. Cosr pik Ton of Ikgots 


No 

Itrins of Cost. 

Phoc 
Ulssciiu r. 

, 1 

haelcii 

s/c^olL.i. 

■lallujt. 

Bfrir.ind. 

'J liK'l. 

0 , H. 
Scr.ip 
ProLess. 



£ 

S. 

r/. 

/; 

r. 

</. 

£ 

t s. 


' £ 

X 



J 

d. 

I 

Haw nialcii.ils for I Ion . . 

2 

16 

0 


1.3 

0 , 

2 

15 

0 

2.15 

0 

2 

10 


2 

l.oss in convctling 

0 

8 

9 

0 

b 

li 


— 



— 


0 

s 

I 

3 

Cost of oilier malerialb : - 

















' 1 iidof.: c. 

0 

I 

0 

0 

0 

7 

0 

I 

0’ 

0 

1 

0 

0 

I 

2i 

I 

1 

Tar. 

0 

0 


0 

0 

1 

0 

0 

1 

0 

0 

I 

0 

0 


■Oie. 

0 

0 

oV 

0 

0 

9 l 

0 

6 

0 

0 

6 

0 

0 

0 

3i 

1 


(,‘okc. 

0 

0 

3i 

0 

0 

2i 

0 

0 

I 

0 

0 

I 

0 

0 


Coal foi g.is. 

6 

0 

ol 

0 

2 

2i 

0 

3 

6 

0 

3 

6 

0 

4 

0 


Coal fot SpUmiii .... 

0 

2 

2 

« 

2 

0 

0 

0 

9i 

0 

0 

9 

0 

0 

7 


J.nue . 

0 

2 

3 

0 

0 

91 

0 

0 

91 

0 

0 

I 

0 

0 

94 

1 


(Irajilnte, wooil, aiuiiutn» 11 

0 

0 

il 

0 

0 

I 

0 

0 

1 

0 

0 

0 

0 


I-adle sldinKT^, cle. . . 

0 

0 

4 I 


0 

4l 

0 

0 

4 } 

0 

0 

4i 

0 

0 

4l 


Ingot Jiionltls .... 

0 

o« 

6 

0 

0 

6 

0 

0 

6 

0 

0 

6 

0 

0 

0 


1'en;o-inangaiiC'C 
Miscellaneous rcpaiis oml 

0 

2 

0 

0 

2 

0 

0 

2 

91 

0 

2 

91 

0 

2 

0 


store? materials . 

0 


65 

0 

2 

6 

0 

2 

10 

0 

2 

6j 

0 

2 

6 

4 

W.tgcs.. 

0 

2 

0 

0 

4 

0 

0 

4 

0 

0 

4 

0 

0 

4 

6 

5 

Sal.tries. 

0 

0 

6 

0 

0 

6 

0 

0 

6 

0 

0 

6 

0 

0 

6 

6 

Interest Snd deprcciaUun. 

0 


1 

0 

l< 

5' 

0 


81 

0 



0 


5 


Totals . ... £ 

3 

18 

lol 

3 

19 

2 

4 

0 

o3 

3 

19 

2 i 

3 

14 

I 


Value of Sye-produc's . £ 

0 

4 

0 

0 

0 

6 

0 

0 

9,+ 

0 

2 

0 

0 

0 

6 


Actual net cost of ingot Iron £ 

3 14 loi 

3 

18 

8 

3 

19 

3 

3 17 

2l 

3 13 

7 


“ St.aht und Eistn,” vol. 21, p. 1021. 









CllAPTI'.R'XIA’IIl 


Tin: .TV OT snn (in/v 


Tmk. various ilcins which Id f"nii tlu- ctwt o| st(<l r< <juifr c.u< lul miuI^ 
regular assenii)liiig if tliey an.- \u t)c of i«_al m ixk <■ to iho^si- < I in ik< i •( iin)Jrfr- 
some methods are sonu liiucs * n.ji))( (l,*»nvi)Uin - <'oiiM.ii,i.ihli- lihnni and 
giving only indilTcicnt results. ^Slet I wmk'. nnnag< is n->iiui<-. in « mu n i<- fi‘rni, 
tahulatcd results to \vlv('h they can ret i <|'ni kl\ wiilj tlu- mininnnn m tnnihle. 

Vo arrive at a summary •! ar<iniat<- (•l)st^, constant i< c.)r<ls i*nsi k< pi nf 
the weights of all materufls \vhich*aie ic< nvi .1 lor and us* d in tlu- in inul n luu; 
of steel. No less impoitaiU is^lhe ki eping ol a c.in lul niord ol ail lalioui 
involved in the \anou^ operat 1^)11"-, as well a-- ol tlu- pow.-r < unsnui'-il for 
operating the furnaces and auxiliaiy plant, an<) for lighting M.imlmg 1 haig«-s, 
such as depreciation of plant, and intcu-'vt on < apital, aiul inanagcnu-nl expenses, 
ran be definitely fixed also iiTueh pef ton of steel proihu'<l a(<oniing to the 
output pfir week, any otlier ( onvenient peri*d. 

System of Keeping C*6ts (inly those resjionsililc for tlu Ima! asseinhling 
of the costs neefi know whatihe various iii-ins of < osts are provid* d tlu- system 
i a good one. ('om[>lele andsaiisfa* loiy r< sultsr an l*e ohiained without Kakage 
of information, whic+i manulaeturers, as a lule, are anxious to avoul. In puking 
such a system, it isne<essaiy to ohscue dehniti rules while aTmding ‘ i|'d 
tape.” rile following are essential, and * an he eairicd out ri-adily. • • 

I AH inatt.rials and stores whuh are issued Iroiii stoi*' in aid of stetd 
mamil'aclurc, to lie ordered on forms by a u-sponsihle charge hand or foiiinan, 
a duplicate being retained in older book. 

2. All forms used fo^ re* ording the various iteu#j of * ost, to he so airjngiul 
lliat the minimum of labour is involved m entering the inlormation r- nuiieil. 

A\\ daily records of materials, etf., um d and sle. i ii*odiu*<d, to Ik* 
collected daily after*ljeing scrutinised and millalk^l^iiy lln-'stM 1 pla^l managd* 
or superintendent, are passed on to file cost < 1 * rk^ Weekly records k) he 

similarly dealt with. • , i • 1 

4. The cost-clerk Ip he uippljed with a list all tlje mnlerialspsed m steel 
making, with the ]>iices per ton.c^vt., or li). agan^st ea< l.»ULm. 

5. A list of all the men employed on tlie steel plant, with the rsie (TT pay ()r 
share of tonnage received,"indicated against the na-^ie of <a(li man, to he kept 
by the cost cle#k. i^I'his list would mdude all au\ihar)» haivK, mu h as Tliose 
employed occasionally about the plant on repairs This record is simply lor 
reference, and to familiarise tlie cost clerk with the clAsificalion of labour and 

the rates paid against each claws. , * r 1*1 1 1 

6. All labour records to he made.by.any of the acr reditial relial>le checks, 
such as clocks, etc. These to forward daily to tlie time clerk. 
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' , 

7 . All items<of cost to be reckoned at so inuih prr to,i of liquid ste^l in the 

ladle. • , 1 

8. The total cost of steel produced during' each' week ■fronf say Monday 

morning /intil Saturdcy, to be ready fot insp^^ctjon by the following Tuesday 
morning,of each weekf*. ■■ • » 

Methods' adopted and Forme used to Secure thS above Results.—Some 
allowance must necessarily be mhde in working any one system for various 
' processes of steel manufacture, but the 8 rules given above are applicable to all, 
althopgh the forms used'require to be varied'according to thr^process adopted. 

In giving the details of costs of steel made by the Bessemer process, one 
may readily apply a similar or modified method to all the other processes, 
without 'jetting forth the forms necessUry for each of the othdr processes. The 
analysis of the cost of steel made by the Besstmer prodess is selected, as a 
greater number of items of cost appear in it than in any of the other processes. 

« , i ■ 

Surface-blown licssemer Sled Costs, 

^,,[tem(^,of Cost assembled.— , 

1. Raw materials'used in actual manpfacture. 

2 . Other materials used in aid of manufacture. 

3. Fuel. 

4. Bower. 

5. l-ahour. 

The following items are added to the above :— 

0 . Depreciation and interest per ton of steel made. 

7. Bart charge of management exjK'nses.' 

I. Raw Materials used in Actual Manufacture.—The following list of 
materials and prices to be kept in cost olfice. The prices to be adjusted as fresh 
purchases are made at different costs. 

Big iron. 

Scrap steel, heavy. 

„ „ light. 

Ferto-inanganese. 

Siiiegelct-ni. 

Ferro-silicon. 

Ferro-chrome. 

Nickel. 

Limestone. 

Fluorspar. 

Aluminium. 

While ,it is unnecessary for the cost clerk to have the analyses or any com- 
nositions qf the materials with which he is dealing, it is, of course, understood 
that the usual analyses of '.‘.II material^ are m.ade and recorded by the chemist 
or the metallurgist before any materials are accepted for use. In the case of 
pig iron and alloys, where different kinds are frequently used they are known 
under brand' names to file cost de[)artment. ' 'Bhtse na.nes are either painted 
on boaids which are placed on'die stacks of pig iron and other materials, or in 
some prominent way the classification of the mater.'als is made known to the 
yardwen who h.indle the materials. 

Forma for Recording the Materia's used.—From the pig' iron and scrap 
steel stocks in the yard, f[larticulars of the weight of which are recorded in the 
raw materials ledger), charges are put on trucks and weighed on weighbridge 
before being .aised to charging platform. The common way of setting the 
weighbridge arm to indicate the weight,.required per charge, and then adjusting 
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the weight of Jhe load acqprdiftgl^, ^ very simpft, and saves t^me in making 
accurate measurements for each loadcntlie track. Where this is done care¬ 
fully it is all thht is»re()uir^, Bi't thAe i#if liability to error unless the pig iron 
and scrap Ae weighed seirarately. , 'I’he'pig can be weiglie*! in seiranitj tracks, 
or after the weight of the pig lias been acertained, the sgrap can be added to 
the same truckload. 'I'hd latter method iscotynionly employed «h»n w’eighing 
small charges for the plant in qucstiou. • 

The forms on which the weights are rlg;rked, arc t.rstened with a clip to a 
small board whicluj^ngs on the waif close to tli« wcigfibfidgc, .md is pnnt.'d as 
shown in Form b. . . ' ' 


Sliift 


,.\ It t: I-,.., 1,1.1 
IIKSSI' \lt'R SIM I, I'l, \N 1 ' 
t Fokm I 

cvvi >VA cnAKci: sm j r 
luu 


lo-it.ty. 


stfcl hi.r.i}>, lic.W) 

„ M .. 

Scrap, tail cm!. . 

Strap, ca.st steel, lit a\>’ . 

i.gij . 

faitic'ilcnc .... 
Kliioripar*. • 

(Jt»kc .. 


Coke bfil . 


.ll s It) Ik 111. !ti.K tl HI r b ll 

1 u|i.'l t ( ll 

• • 

• 


1 


A. 


m nj 

<wn. ^ ^ 

/t/ 

1 w 


< w t s 


^ t u U. ! 


t-Wl', • : 


J> ( V\ 1 s i 

i 

.i.ll.s. 1 

1 

/. ll.w 


/ cwt for fir-st / < ll ii;;t s 

ui.l 1 w t !. I 


'1 i) !<e haii’It d t< > 1 < 


ft in.iiixlt r. 

Vly, 


.III at cikI of sliifl 


The weif^lit of the various mati rials intended to be used daily with each 
cupola charge, is entered up on the fotin by the citargi-haml or loienianjand 
for every charge passed up on the lift to tin,charging stage a mark is.made on 
the form, every 4th charge being marked with a diagonal lyie aeross^the three, 
previous lines, thus ifidicating that 4 cupujp charges, which are reipinid lor one 
converter charge, have been laised to the cupola st.ige. , At the end ol the shift, 
the recorder hands the form to the foreman or supi-nntendenl, who enters *1110 
details on the coFivertei* charfe sl»eet. A fresh rtjrm i.s'issiied to thj night shift 
weighbridge man, if two shifts are*being worked.* . % 

Form II is used for (jiving instructions to the cliargcman at tin; (iliysic 
cupola, heating furnace, or crucibles, according to tlit method adopted for melt¬ 
ing or heating thfe adflitions for the charge. In large liessenier plants when; the 
ingots produced are usually of two or three qualities qpjy, very few variations 
are required in the jveight and'charactor C'C the additions. In the cjse, how¬ 
ever, of steel production for ‘casting* in miscellaneous steel fotindries, many 
variations are made during the course’o shift to meet the requirements of the 
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orders on hand. It is, of course, the aim' of tl»e stftel njaker to jjroduM steel 
with as few changes in the mixtures as porsit le. . . 

The complete programme of charges lor eacn days campaign is usually 
prepared.during the preceding afternoon. „ 


A .n c Co., Ltd. 

" besskmkr steel pl.xnt 

'■ ■■ 0 Form II .•■c 

PHYSIC AUDITIONS FOR CONVERTER CHARGES 
Shift ^ Dale ^ 

Pig iion l.'iil scrap steel to be melted in physic cupola. ^ 
lunro-alloys of Mn and Si to be heated to rcilliess. 

Other ferio-alluys to be melted in crucibles. 


to charges. 


Nos 

1 

Nof [ 

Nos 

'''• 

4 s 5 s ^ 9 ’ \ 

7, S, tV 10. 

J iwts. 

" 1 
2 r.ots. 1 

y (ivti. 

J avts. 

i . wt. 1 

J cwts. 

I cwl. 

j\ ruts. 

— 

JO lin. 

40 lbs. 

4J tbs. 


50 Ibj- 

— 

2J l/x. 

20 Ibu 

lbs. 

I lb. 

yi lbs. 

1 lb. 

' — 




MAlcri.tls. 


Piti Iron No. / . 

. „ , No. 3 . . 

Scrap, cast hlccl, 
Fcrio-nnny.incse ( 8 o 
Spi<'gclti!>cn 
V'ci ro'silicon (50 
Ferro chrome . 
Aluminium . . . 

Nickel .... 


Coke used during shift .., 

Liineslone used during shift. 

Fluoispar ,, 0 . 

To be handed to Foreman at end of shift. 

Signe.l 



ISiisiiHSSS 

changes, it is now necessary to ensure converter. The man who 

metal melttid in the cupola, and also , gnjije charge of the 

does the “blowing, ^ ‘ the “blowing"^only. It is. however, usual 
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• • - 

1 • 

— 

— - 

. . W. c 

I til. 


IJE.SShMER 

liTEEL PE.VNT 

• • 

FORM Ill 

.* 

NUMBER OF* IIE.tPS .\NI 

) WElijllls OK 

fllVRGE.S* 

Shift • 

f> 4 tC , 


Heal \Vcij;lit of. in>oU 

,.lnwlc 

> 

..fJiiiKhpvi 

#mrlal to «.otivcitcr 

tlolU 

'll 1.1 III 1 oJlr 

i 

. ■ 

• 

• 


• 

• 1 


• 


• , • 

The particulars on Forms I, I>and III are transferred to the “ Meat Sheet" 
at the end of each shift 

a. Other Materials used ip Aid of Manufacture The cost detk keeps a 
list of the materials which are termed ‘'other’’ to distinnuish tliem from raw 
materials.* These materials'include the following: — 

(a) All refractory maftrials used in lining and lep.iiring the lonverters, 

cupola?, crucible futfiace, ladles, etc. 

(b) All metals used in repairs. 

\c) All stores. * 

Under (a) are the following :— 

Silica blocks of various sections, each different in pm e. 

Silica bricks, special shapes. 

Silica bricks, ordinary shapes. 

^ica cement. 

Fireclay blocks of various sections. 

Fireclay bricks, special sha|)es. , 

. Fireclay bricks, ordinary shapes. 

F’ireclay tement. 

F’ireclay. 

• Canister, fiVie. 

GaniJter, rough. • • 

Clays, specially ground. 

Undet (b) are included 

All kinds of metals, forged and cast, usetrin reiiiacing worn, urosen, 
arlH deftetive parts of the structure and plAit. Alsd tha various 
tools used at the cupolas and converteis. 

Under (c) are included, amofig other jteins:— 

All kinds bf oils, ftts, lalltw, soap, waste, packing, askestdk, wipers, 
crucibles, glove;, leggings,^rushes, file«,.blackdead, etc. 
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Issue of Materials from Store, — Anf' r.attrial^ wl^ch are Jtept in stock 
are issued from the store on receipt of a form initialled by a responsible person. 
Materials to be used in aid of the steel nlepa.tmcnc may be dfawndrom the store 
also by ;iny other de,vartmcnt of the wo.ks, bjit the number of the order given 
by the steel de[)artmt it superintendent must be quoted on the s'ores form. The 
forms need not be large, 3" x 2" being as a rule quue sufficient, and for con¬ 
venience they may be in book fc rm, so tint they can be carried in the pocket 
of the foreman or leading hand,., whose authority will be accepted by the 
storekecqier. ' . , ^ 

^ he following is a copy of the Stoics Form ;— ^ ' 


" A U C Co,, l.til, 

-STORK.S 

I>cp.irtincnt Order Np. 

■Sliifl Diilj; 

I’loase Mipply hearer with the followinfj ■— 


No 


Signed 


WobM 


These forms are sent direct from the stores to the cost clerk, and from them 
the total cost of stores issued in aid of steel making is prepared, and entered in 
the summary of costs under the heading of “ Stores and Repa.irs.” Such materials 
;is g.iiiister, cciiienls, and brick.s, iihicli are kept in'sheds near the steel plant, 
should be weighed and counted respectively belote issue, ’1 liis is sometimes 
considered unnet essaiy and irksome, but to ensure accurate costing it is essential. 
A wihe .aiipoi'nteiident or foreman will draw sufficient materials at one time to 
^ave sending fretiueiitly to the stores. There is always ample provision about a 
steel plant for Inns for a small stock of the various materials in constant use. 
Wliece the available storage siuaee is limited, truck or cartloads of ganister and 
similar materials, after their weight has been checked on the weighbridge, are fre¬ 
quently emptied right away into suitable bins, in close proximity to the con¬ 
verters and ciqiolas. When this |)ractice is carried out, a list of all materials 
delivered over the weiglibndge is st'it to the cost office daily or weekly, accord¬ 
ing to tin;', frequeiic.y of the supplies. 

^.Whichever system is iiV vogue, aiifaccount of all the inaterial used between 
Monday and Saturday ihould reach the cost clerk not later than the following 
Monday morning. 

3 . Fuel'.—In accouhtiiig for the fuel usei', suvli iteois as'the following are 
includv'd . r 

Coke and wood used in lighting fires in cupolas, converters, and crucible 
" furnaces, warming lakilcs and heating ferro-alloys (if neither gas nor oil is 
used ibr these purposes), coal oncoke used on steanl crailes. 

Coke used in formipg the bed of cupolas and in melting charges, in heating 
converters, in heating crucible furnace, and for other .nurposes. 

The bulk of tvie fuel used is coke, which is generilly supplied in railway trucks or 
in cans, according to the cituation of(.tht works. When received, a record of 
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Its weight at tlw wcighl|-idg*is iTia(fc?li the raw materials ledger, jind (Ik- colce is 
’’T 1 P' “ . C0i*-e«ienlIy situated m relation to the lifts for 

cupola and converter stagfligs, . 1-ro'm t je’hiiis the < oke is taken in l,arro«s or 

Kn >'lh ••>"'1 tla-,eharge ree,tided on 

forms I and II*before bcing.raised to the charging pLItlor^i ^ 

In addition to tlu-s<f records n is nccciv-^ary to lu\c a Km1 I-'orm for 
miscellaneous fuels for the jiuriioses iwiii. d ahftve, other^Mse a ven eoiiMdeiahle 
diHerence may he found between the weiglUstre, oided at the weiehbn.ia.- is the 
fuel IS received anft^hose shown on I'orms 1 ai»l II • A eoiueni. „t to,,,, :* ,s 
follows (i\o. IV)*:— • , * ^ 


,A H (' ( n , I lit. 

in '^si- MI- K s 11 I I I'l \\ r 

» Ii>KM I\' 

MIm I-.I I AM Ml’s Mils 


• » u. : t 


Ctjal* sl.'ujv . 

,, colililc'- 
Coke*, h,Uil . 

„ St,II 

WriOtl 

Oil . . . 


'I 0 I'C li Ih'icii !■• 1 "(eUl Ml .t( < ll>! .>! shill. 


From Form IV tllb steel 1 mtendent enters on ilu, |),uK I l.i^.»,Snrr( the 
amount of fuel used, and the eost 1 l< ik 1 ah illali s tin 1 nst ai c nidnijd), ‘ 

4 . Power This item cl ( osl IS mor. lasily and a. < mate h im mdeii'lliaii' 
any other. .Measuring instrinin nts are now so lyiin ions ,uid . sa( t Ih.il 1 h < 'air.il 
power consumption at least, can he detc rninied with Ihe gre.itr-sl degiee of 
acenracy. .V^xlem steel plants such as the type now lef mil lo, as we ll as ihi; 
machinery iKSed in eonjunclioii with ihe ])l.int, are nsfl.dly ope rail'd 1 h 1 trirfilly 
Whether the power used lor o|'eraling the lilywi rs, hits, iraiies, eti , ol Jlie stiel 
plant is taken from a generating staUon 111 the winks, ^or from supf.ly (j)m|iany's 
mains, a meter for registering the amount of cmtei j used hv the slei I pkint 
should always be fixed to the seclunial sw ifrliboard. I'rpiii the iin ti r it is \i ry 
simpleTo take tlie readhigs. If a day shift only is at work, Ilu n i orils an iii.rilc 
each day after w«rk ce.ises. • If g. night shift if also eni|i|ii)i d, nfidings are 
recorded at tilt end of each night .-md day sliifl. « ' , ^ 

Tlie power log sheet (Foj-m V) is as follows,and iiidicales die total kilowatts 
consumed per shift for a week’s run:— 
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liquid' SrEtlL 


A 1! C Cff„ fLtd. 

BESSKMI'K "s'VkEi', PEANT" 

, Kokh V f , 

EliXTRICITY-POWER AND LIGHTING ‘ 


1 



Week ending 



■Vr 

Shift: 

Powei meter reaJings. 


Lighting units 
coiisuinetj. 

Day. 

S 

At 

t>rsiiifi 

At eml of 
shift 

Power units 
CDnsiiniet^. 

(Monday , . . | 

Tuesday . . . | 

-s^cdncVilay . , | 

Thutstlay . , < | 

Friday . . , . j 

r 

Saturday ■ . , 

Day 

Niglit 

ll.iy 

Night 

Day 

Night 
' D.iy 

Night 

J )ay 

Nigiil 

Day 

. 

( 


1 

j 

'I'otal uni(s consumed during v eck . 

„ 

■ 



Automatic recorders are sometimes employed^ but reliable records can be 
oblained if the log sheet is kept juopcrly^ 

A definite price per kilowatt noui is arranged by the matyager, for tne electric 
power su|)plied to the steel department. If power, hbwever, is purchased from 
an outside source, the '[irice per kilowatt hour is- fixed by colUract. In either 
case, the labour of the cost clerk in determining the cost of power is a matter of 
muluphtaTi* t only. ' 

, ^ Spme adjustments for power require to be made occasionally, as the auxiliary 
plant used on some parts of the steel plant is also used for other departments. 
'I'he'power consumed by the appnratus or cranes in question should therefore be 
ascertained and deducted. This calculation need only be done once, as the 
proportionate use of cranes, for instance, in th.e casting shop wpuld not vary 
much as long as steel was being produced. 

The current for lighting may he reckoned quite separately, as on account of 
the cost per unit being higher than for power, independent meters are usually 
fi.x(,'d to record the consut.iption for lighting. On Form V a column is given 
showing the units consivned in lighting. 

'Form V need not necessarily be sent to the steel superintendent or foreman, 
but it is advisable to do so in ‘order that he n.ay see what consumption is being 
recordOd against his departmd.it from week ',o week, and also to prevent any 
errors passing to the cost clerk. The former thetrfore reviews all the forms, 
except the store sheets, wifich go direct to the cost clerk. The steel superin- 
lendent'or foreman need not, of course, sec the store ft)rms''-again, as he has 
either made them out.Ivmself, or they have been made out to his order number, 
by some accredited person. . ‘ 

Daily Heat Sheet.--Form VI (see flate X) gives an outline of the daily 
heat sheet, to which reference has beei'.,jnade already. As the number of columns 
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required for tlie recoi|s i 9 » rather <a^e, it is nectssary to have a sheet about 
18X7, to allow suftftient>oom f(| 4)0 items included, rheso’forms are most 
convenient in bool; form.wn* ^loui bo*ktpt by the steel superintendent. It is 
customaryHo have the books mad^- with duplicate leaves, both heannK the same 
number, and each pair beingji 9 mbered consecutively. • Tl/obiect of di'ijication 
IS that the suiicrintendenfmay retain in his office for reference a ns ora of the 
heats produced,"while the top copy )v>es dailyao the cost derk. The ilcins on 
the sheet illustrated in Form VI are suffiaeiuly clear wilhout furtlu r d. scnpiion. 
^1 the informatioo required by theVost .lerk (nn*be/il!td in by the steel Mii>er- 
intendent before-tlic sh^et is sent to the cost office. The columii'for anali'^s of 
material is not dealt with until tiie she^A is [»ass(‘cf from tlio enst < ierk to the 
laboratory, ifhel^'wtbe chemist records tie analyses and Jilcs the skeet lor 
reference. • « ' 

5 . Laboui*. —In recordinj; the amount of labour e\|x nded in tfie ni.imir.u lure 
of steel, several Inetliods arj adopted, all of which aim at .ucuiacv anil simplicity. 
If the workmen an; paid by “topnane,’’ the price pin ton and llie output in tons 
determine thetoial amount of money asailable foi distrihulion Tin miIhIivisiou 
of the itioncy is made according (p the classes of labour nnplo)ed. the,niiiiil'^i'” 
of shares fot c'acl^man being delermnied b),the steel suptrintendenl I'he lime 
office clerk, who has a list i4 the Shares,'di\ides the tot.il loim.iee money 
accordingly when prmraring the wages sjiecf. The old im thod ol giving the 
leading-hand or forem.ln the total "tifimage money" earned by tin ging, and 
allowing him to divide itjunong the men in the propoilion he < ariTl to determim , 
was open to much question. It was usu.dly the foreman hniisell who In m htlcd 
most by thiS arwingemenh • 

In addition to the share list by the time clerk, unmls are also supplied 
to him of the actual number of hours esu h man 1. employed. In most woiks the 
card system of “ clockingin adopted, and is not only reli.ible Init simple. 
Whether man is employed as a jin cf worker or day woilo r, the 1 Im k < In.i k is 
best. The melhnrj still adojiled m many woiks of gelling llie woikimn to 
deposit each call, a metariickel with his number upon it, is 1 imil.i isome and 
more subject to error than tin?automatic registiring dock. 

It is not inteiidwij heie to describe systi ms of time-keeping and 1 In 1 king, but 
to illustrate how’ reliable data ugarding c ost ol l.iboiir can be trainh wiSfTT) the 
cost sheet. Hy the means indn ated, this can be done for the gangs iiiiployi^l 
on the steel plant. Fur the nun, however, who do reieiiis, and tin 11 only 
occasionally, a form upon which definite iiisl*n(.tioiis are given is sent U the 
foremen of the various deiiartmcnls fiom wim h assislanee is lequired. '1 he steel 
supermteiideot therefore knows all the charges made for labour against Ins 
department during the week, and if they liave not Ifeen anllioiisi-d, paymdiit is 
not sanctioned. Form Vll gives an outliiv* of order, which is the autiiorily for 
a charge being made against the ste*el plant by ivi oytside dijnrl.it;, , 

F’orm VII may fie in book form, e.^h page li»mg jx rioraled and e asily 
removable when filled^in. The sheet need not be laigcr than y" X r". If a 
pliftlrtier, electrician, or any man be sent to ilo the repair, the foieiiian of-the 
department to wiTom the re‘(A‘st ftas been made* has ohiy to liamlHie notei to 
the man he wishes to* send, and tile mairenters die mimner of hours In^speiids 
on the job on the same form, which is nllimately given to the timekeeper, who 
checks same and makes a charge accordingly. I'.afh week, beffirf the w:<ges 
sheet is made up* the*total time sjient i» each department m aid of ftie steel 
plant is banded to the steel superintendent for revii;w and approval. The 
wages sheet is sent tp the cost clerk, who divides th,- amount mlo two separate 
items;—that actually absorbed'in stee^makmg, and the wages paRl for repairs. 
Should any query be made Jby the pHr^ials when»ts2viewiiig the sum^mary of 
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coats about amount of exj^ndituK onlsk)ut, tWacttol detail^ of UttK 

on ^cb item of lepair can be seen fr^iForms VII ^ued du|ii^ ^ 
in quesdoD, and from the record of ^me^spe^ti’bjr' the r^lar reiiait'lil^i 
employed by the stqel department on duly repairs. • . ■ 



When workmen are employed on an hourly rate lind not by the “ piece,” a 
list of the rates of pay is kept by the timekeeper for the preparatioii>of the wages 
sheet, and also by the cost clerk, simply ^or reference and as a means of 
checking. Among other items of labour included in the steel department costs 
is a proportionate share of the general expenses, for example—directors, 
managers, clerks, timekeepers, watchmen, weighbridgemen, yard labourers, etc. 
Such item is added as a fixed expense along with other fixed expenses bf manage¬ 
ment which cannot be recorded separately. *' 

Summary of Costs.—The cost clerk is able to prepare tht' weekly summary 
of expenditure with a minimum of labour when having .jn his possession # 
contpleaswJ'ft of the materials and power used, labour^ expended and s^' 
produced during the week, together with details of the fixed charges for depre¬ 
ciation and interest on plant and the proportion of the expenses of management 
to t,e charged to the steel deaartment. Form VIII (see Plate X) illustrate* 
the summary sheet. As the items are only entered each week on this sheet, it 
should be kept in a suitable folder, and passed to and from the cost office for 
inspection by those conOerned. A suitable size for Form VIII is about 
to" X ij", which allows sufficient rpom for the various columns. * 

As accuracy is absolutely essential in costing, it is important that.the figures 
handed to the cost clerk Sar the assembling of costs should be beyond question, 
Tbe cost clerk’s duty^ is to piece 'together the information handed to him. 
Insistence upon the accuracy of all parties concerned is therefore imptKa,tiye, 
otherwise the labour is in vaih' and the resultmg easts are misleading. 

Tbt value of acctirate details of'cost, assembled it, the Columns of the 
summary sheet, is appreciated from week to weei^ in detecting fluctuations in 
the.tonnage produced and'in observing the comparative difierences in the items 
of costs each week,' Losses due to tod heats, frequent 'renewals of tuyeres or. , 
linings, stoppages, or either causes, can be seen at a glance, as ev^'thing wh^ 
goes to raise the weekly expenditure of any item is mentioned in the remarks 
coiumti. These remarks, which are recorded by the supenntendent in the ^ 
place against the heat inuquestion on'^he daily h^t she^ are transferred )k> ffie 
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1 «,‘»« «’e*^*Should.«ny •remarks apDetr irregular 
msuffir^nt to accoui* forthe nSinthe expenditure, fuither exdanationi 
1? * A »lho|ital examination of the facts contaii 

‘ keep the principals in touch with the coat of steel 
p roducti on weekly, without IhucR expenditure of valualjfe time. Irit abo a 
at^KUQn to the steel%uperiniendent or foreman to know that the t^ciali are, 
*”**??“*^ outputs and cosu, givipg an inocntive to still better records. The 
weekly inspection has also a salutary effect upon “ sladkers."' , 

The foregoing ^thod of asseihbling the cfstt ofssftel made by the surbee- 
brown conrertes pfent ^s applicable to all other pmcesses of sletl manulifcture, 
the forms byip^modified to suit differewt items of cost. 


SSI 



CHAPTER' XLIX 


LABOUR‘COSTS IN STEEL MAKING 

(• 

Comparison of Lajiour and Operatfng Costs.— The cost of labour per ton of 
steel produced by the various processes, togethdr with tKe weekly outputs in 
tons, is given in Table CVI. The percentage of labour to the total operating 
costs for each output is also given, and varies from i6 (fer'cent, for refining 
steel in the electric furnace, to 50 per cent, for .making smaH outputs of steel in 
^rte open-hearth furnace. The other labour costs in Table CVrvary prjncipally 
J3'per cent, to 39 per cent, of the operaiing costs. 

The lowest poerarmg costs rcffirded/re those of the large Bessemer plant, 
and the next lowest, of the Talljot process. 'The operating costs include all 
items, except the metal and fluxes used it) the chame. 


TAIH.E CVr 


Labour (Waofs anu Managfmknt) ber ton, coMijAREn wit.h CiCitut 

AND AS A I’l'KI I'.NrACK OF Ql'EKAITNO CoSIS 


Process. 


Crucible, cokc-fired . 

gas*firc'l 
ljesseii'!r ."* ^^’q;tcrs, small 


’, „ laigc , . 

Open-hearth furnace, small . 

,, , ,, ,, medium , 

,. ,, hrgt . . 

Talbot fumcc. 

llferouU electric fvirnace^ refining; 

It 'll 11 cohl ch^ii^e 


J.altotii per 

of sled. 

' Oiitpui 
per week. 

t 

< )peralnig costs 
exclusive of 
materials. 

« 

Percentage of 
labour to 
^otal operating 
costs. 

£ 

U. 


/ 


d. 

% 

1 lb 

9 

25 

5 

3 

7 

35 

t 16 

9 

25 

/» 

18 

3 

47 

0 5 


320 

0 

16 

2 

32 

0 6 

7 

160 

0 

•9 

0 

35 

0 7 

6 

84 

I 

0 

7 l 

36 

0 9 

0 

30 

1 

8 

ot 

jt 

0 12 

0 

18 

I 

II 

8 

38 

0 2 

6 

378" 

0 

8 

lOi 

28 

0 18 

0 

. 25 

I 

16 

4 

50 

0 7 

2 

255 

I 

'2 

I* 

32 

0 5 

3 

50:.o 

0 

13 

11 

38 

0 4 

6 

1200 

0 

II 

5 

39 

0 I 

Ik 

1000 

0 

6 

lOj 

16 

0 9 

• 

0 

5 " 

’ ‘ 

‘9 

5 

23 


During recent years, the amount of labour required to operate steel pfartts of 
large capaefiy has been very g'reatly reduced 1 y tKe intioductlon/af mechanical 
charging machines, and" other tratomatil, handling devices ior raw materials and 
fuels used at the furnaces. For instance, the charging by hand of a 25-ton open- 
health furnace where 70 to'80 per cent, of scrap is used, takes from 7 to 8 hours, 
whereas a furnace of too tons capacity, charged with equal amounts of liquid 
iron and cold steel'scrap, can be charged in from i to 2 hours. 

Wages of Steel Workers.—Compari.Tg the wages of steel workers in different 
countries it is found that Germany pays'about 20 percent, less than England, 
and from 40 to 50 per ceT. less than'^^nierica. The following table gives an 
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• XAl’l K evil 


..AU^ rATD TO UPE^^HPARTH FrRVUM, Min ,N TIIK I’N,,,,, KiN, I.„e the 
UMIK!) tj KM\.N\ ' 


Kiml 


Head inciter . . ^. 

First hcljx r . . ,* . .0, 

Secon<l helper t . . . 

Crane men . . ^ . 

Charging-nui-lHnc han-1 . •. 

Casiiiig-pit mei> . •. 

Steel pourers . . 

Labourers h.'indhng slag and M.ra[> . 
Common lal>oifte/s^. 


<1 

U.Ua^ii 
■ itirs. 


li. 


I‘< I ( 


I. 1,1 
h h, 


7 

(I o 


5 

S ■ III ii . 
(I '- Ill's 
•t I'l III 11(1 

■I - I" s - 


♦ r%(. 

nlSl.i.N ; 

• •<! tl.JtlW ' 
i>f 4 i,ii.!! 

IV. . 

I’'*';’' ! 

( 



20 - 

lA.^I . 

10 * !o 14 . 

II 

t'l 12 0 
... S • 

1 1 

<; (V- 

12 

1,. 1 ; 

•1 '<* f, * 

G - 

1.. lu 

1 '0 s*- 

" 

1.) .s - 

\ s 10 5,s 

12 

l.l 1 ^ 

(. 

5 • 

•■'7 

t.i (. 

A <■' 


‘ liulltUii uf the AiiK-iicaii A'maiiIi. HI Ilf (•iiiiiiiiutii .111,1 11 hIi "ll.ilni mu 


The description in TaW* CVH of tin- kinds of l.ihour, dim is m the tlircc 
countries. For instance* in tiic t'nitcd Kingdom, hadiiii; iiun on tin ili.trKin^; 
platform are u.sually called ist, end, and .’,rd mclteis ; the tnst In mn m ■ IiiOkc. 

In America, the sttme rtten art^ tteneralit' i ailed the ineltei, ist hand ami and 
hand, while in Cerinany, the head inelter is i.dled the Ion man, the jiid iiieltcr 
assistant Torematt, and tlie fltliers, isl, and, and trd im hi is. 

Fluctuation of Wages. •No fiM^l nmvers.d slandaid of aajtes IS ,-fdiipted. 
Wages v^ry, not pnly in •htlerent i mintrits, tmt in various p.iiis ol the same 
country. Tlic laws tli.a» govern tliein are veiy < oniplex. In me inllin m ed hy 
several conditsens, sm h as(, “standard of living," sii|iply and di m.ind,'' 

“ markets," etc. different system.s of paynieni are adojited, hut the winker i.s 
usually engaged oir“ time ” or at so mm h per hour, or “ pun e,” m ^yun li per 
output. F.laborate sehemes are in vogue for s)stein,itisint* vv.igi f and Mimuiat- 
ing the worker, but no finality lias Inn n reai bed in prodm mg ■ onlentmeitt. # 

Mr. Sanders, rresident ol ihe Ingersoll-Rjnd I'o, .New \'oik, made utviesli- 
gations in dilferent countries during the l.itter end of ion, le.'arding w.tges paid 
for labour. He states,"^ that vtjiile the ]ini e of nun li.iim al labour in the I nited 
States has ?too8 coni];aratively still, or has m.a^e hut a modi r.itr atlvaiu <; 
during the past 20 years, the ptu e of similar labour in t'urniany ,iigd l.ngland 
has increased at lea.st 100 ])er u iit. .Mec^ianical lalionr m (usm.uiy, vvhidi is 
to-day one-half thaPof the Hinted Slates was onc’gpiarter* go yiars^ago. Tht; 
value of German labour is steadily mercvKing, and at a nioie rapid rale th.fti the 
price pf labour m lirtgland and .America. , 

With referclKe to tjie llugtuaUon of wages inf’.nglaud, Mr Georg;e II. Wood,’ 
showed how^he S'lvfheld and cljstrii t wages Ingl Hutli»kd from ifl)(glo 1906, ^ 
in the iron, coal, and engineering trades Taking the wages value in iH.S^ at 
100 for the four classes of labour given m Talile*(,V III, the dm tiiatioi^s arc 
indicated by th# rismand fall m the nun^bers for dilterent*years„ '* < 

* “Iron Age,” I912, Felt. 29, p. 522. ^ • 

I . .. W,,fPN I /./Vf 
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TABLE cyijl 

Fluctuation in Shlffiklii anii^Pistrict ’vVaof.s khou* 1840-191^ 

'_ V , __ .. ... _ 



i Ptitlillcrs. 

Coal bcw«T&. 

1 Builfling* j 

Kngincenns* 






1S40 

' 87 1 

*87 

— 

_ 

1855 

' IC5 • 1 

86 

86 

- 73 

I 06 o 

100 

82 


' 73 

1874 

'45' 

■ 3 ^ 

loi I 

94 

1.877 

loj 

96 

108 

* ^ 

1883 , 

100 

*1oo 

ICO 

noo 

1886 

96 

91 

«0I 

1 * 100 

i?> 9 i 

100 1 

127 

105 

101 

I<>00 

I2S 1 

'33 

116 

,107 

I i ) 0 (} 

« 1 J ' 

1 

II8 

lid'’ 

•|o8 

« 


'■*>1 'iff55, the wagus for puddlers were higher than in 1906, while in the 
engineering trader the*’wages havi*-steai^ily increased from*'73 in 1855 to 
108 in 1906. , ' ' 

, f 

Wages and Cost of Living.—From investiT^atid.it ‘ made as to the cost of 
labour and living in Germany, and from similar 'investigations made in 
lingland by tlie Board of 'Trade, the following interestipg 'figures are 
given:— 


TABI.E t 


W’.VOKS I’AIO IN KnoLANII AND WaI F.S AND GERMANY. 







Ratio of mean 


Pfctldiiim 

III r.iiiije t>f weekly way;es tn Octol 

cr, 190s, in 

predominant 

Tratic 





wage tn Ger- 


— 

-.— 

-- — 

many to mean 


KucI tml and 
Wales 

0 

Germany. 


predominant 
wage mKn^landt 





taken as too. 

% 

, 


lliglicst at 

I owest at 



Avcrayit. 

Average. 

Kssen. 

Clicmniiz. 


Fitters 9 . 

32./-10 36/. 

26/- (132/- 

30/- to 39/- 

21/- to 24/. 

' h 

'rurners . 

32/- to 36 

27 /- to 33/- 

32/610 39/- 

24/-to 26/- 

88 

Smiths . . . 

32/-lu A'/- 

28/6 to 33/- 

30/- to 36/- 

25;- to 27/- 

90 

Fatt-cin makers . 

34 /- to 38/- 

25, 6 l<.r30/- 

27/- 

25/-to 27/- 

77 

labourers . . 

• • •• ~ — 

18/- lb 22/* 

IaS/- to 22/- 

20/- to 23/- 

iv/- to 17/- 

I<» 


At the same peiiod' the aVkrage number' of hours per week in England 
was 53 against 59^ in Germany, or 12 pet cent, higher in the latter. 

Comparing the commodities used by the same classtjs of ^ people in both 
countries. Tabid CX shows that the 'prices paid in Germany are, in most 
cases, 20 to 40 per 'tenfc.higher than those paid in England, with the exception 
of those for milk and potatoes, which am lower in Germany.* 

• “ lion jind Coal Traders Hevifw,*' lyiS, p. 381. 
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cx 

% 

COSl OF COMM<'iyiIF5»*IN hNCilAND AM» i;>KMANV 


ComnuHlity, 


Sugar, tthilr.'gr.inultful, jht Hi . 

Butter, per lb. . • . o . 

Potatoes per f lbs. 

Flour, whcaitn, ^er 7 lbs . 

Milk, per qiiart.• . 

Beef, per Ib, • 4 . . . * 

Mutton, per Hk . . , ... 

Pork, per II). . ^ . . 

Bacon, per lb . . . . . • . 

(?oal, per ewt. ... . . 

Paraffin oil, per gall-'ii* * . 

_ ♦ • 

Colonial, or in-i hmi'.h 

• ^ '• 1''u.;ii 01 


!‘ii 

1 rs 111 t)( 1 tss 1 . 

n >t».' vl • 

♦ 

■ ft 

'.u, .le Itti^'il j,r„ 


1 

III f.aiin«iiy tnrau 

1 "• '-.JB,,,*, ( 

* 


K-.u'.-i I al' • 

• • 

1 1 h nfUrtil 

.'fs 

• flllij S ^ 


• 



' • •-/ 

Jlr ll. .M • 

• 1 !•> 

1 ll' 

1 uA :i 

ll", 

.•11 n. t' I 

1 .' \i • 

NS 

s / 1.1 no 

II I (>1 1 j 

1 }ii 

|, 

.•'1 

M * 

1 7 ! r, t,. SI 1 


• 

( s ; 1.1 1 .' 
iri.r 1.1 ua' 


1 :2 

1 ,,r e. V- ■ 

:{■’ <•' 

. "7, • ■ 

%'■' 

M* 1 " it,i' 

1 ; ^ 

7 / 'J.I 

-Ji in 

> i \ 

■ i f t..’l 

1 . J 1 . 1 , 



. S / ' J / I ■' M I ;, 


^ I •! ii I It 1 >1 I b ‘in> k 1 1 '< '1 


The jrents of workmen’s tlwcllui,;;s in (hii.i.inv .iw ahoui iIk- miih ;is m 
Enjjlaml, namely iwo rooms,to jr (>./. [jc r W(il,, ;• 6./ lo |i i,./ lot ilitec 
rooms, ^nd 45. yi. to (». for lour rootns. ^ 

'taking till* MBiious ll(»ns into I'onsideMtion, it is islim.ilicl lli.ii m the 
German engineering amT'.luiiliuildinL; tradi s, tin- w.i;i s |mi. 1 pi r liom amonnl 
to ahont 75 |)ef rent, of the I'.iiglisli latr, and tin. • osl til n lit, lood, and liii-l, is 
nearly 20 per ceiU-y;realer 

The United States and Canada -from petson.d mvi sii,;aii^n w 0 vi lal of 

the steel mamifaelurmg (entres m the I'nilid Mali-, and'l.inada duiii^ ifn, 
we found the following rates of labour and Imiig I able < M gives tin- lateslif 
pay per day in the Mates and Canada, wli^c a lobour day i;^iii voyiie for 
most workers, except in steel depaUmenls where the shills an almost uitiiely rjf 
12 hours’di'rati^n. * 

With referenre to tne (ost of living, tlir folbfwiiig romnioditn s • os/aboiit 
the same m the U.S.A. and Canad.i as in l^ngland tea, eggs, buili r,.iiiilk, lloiir, 
potatoes, beef, mutton, bacon, Urots, and go.il^, ^cletbiyg 1? apynumi.itelji 
times dearer. Kent is from tunes to tw»e the aiiiount paid 111 this 
country, for corresMitding cortiforls An unm.irtK d.wotkiii; m.ni ■ an Imatd 
a'nd lodge comfortably in the .States or m C.ni.ida on from 151 lo 2o». jicr 
week. GcnjjralTy, the* cost»of'»vmg m the US A. anil ( 'anad.i*on the same 
scale that the workc*rs live m England iS about 50 i>cr dent, higher. » 
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TABLE C‘A^ 

Wages m the U,S./.. Ind Canada 


Kif'j of labour. 


Engineering— , 

KUters (mechanics) . » . 

Turners . ' 

Machinists . . 

, aulomaiic /youths) 
Machine plalc workers . . 

Labourers, common . . . 

Steel anti iron works— 
Blastj^furnatc charge hantl 
,, ,, second haml . 

I.altourcrs. 

Opcn-lieaith furnace— 

MiUcr. 

First hand ... . . 

€ Secontl hand. 

Labourers , t . . 

Cranenv n . . . . . 

Chargcincn. 

Bessemer eonverlcrs - 
Char^je hand .... 
Con\V*rler men . . . 

I,alH)urcrs. 

Electric furnace steel making— 

First hand. 

Secontl hand .... 
Thiid hand .... 

Draugliisincn. 

Pattern makers. 

Moultlors. 

Core-makers. 

Grinders . . ... 

Finishers. 

BufTers and |M)lishers . . 

" 7 . ,.n rrachinisls .... 

'Pool makers. 

Blacksmiths, light . . . 

,, heavy . . . 


. T.S.A.. I 

Canada. 

9 

Per day. 

Per d.«y. 

12/- to 13/. 

12/- to 13/- 

12/- to 13/- 

12/- to 13/- 

7/- to 18/. 

12/^ to 14/- 

6/- to 8/. 

a 

13/- to 20/- 

— 

4/3 >0 V - 

4/^ to- 4 '/- 

11/6 to ^2/6 

1 _ 

10/- to II/- 

— 

6/- to 7/6 

1 — 

20/- to 24/- 

20/- to 24/- 

I1/6 to 12/6 

11/6 to 12/6 

7/-, to 8/- 

8/- to 9/. 

sA to 6/- 

5 /- 1 ? 6A 

' 12/6 

12/6 

10/- 

10/- 

14/- to 16/. 

_ 

1o/t to l 3 /- 

_ 

6/- to 7/6 " 

— 

22/- 



— 

8/6 

— 

50/- to icxi/- 

50/- to 100/. 

(per week) 

(per week) 

12/. to 15/: 

12/- to 15/- 

10/6 to 14/- 

lo/C to 14/6 

10/6 to 14/* 

: 8/6 ton/6 

8/6 to 10/6 

8/6 tu 10/6 

10/6 to 12/6 

10/6 to 12/6 

— 

10^- to 11/- 

9/- to 12/6 

10/6 to 12/6 

12/- to 15/- 

io/6 to 12/6 

II/6 to 1V6 

11/6 to 12/6 

14/- to 19/- 

14/- to 18/- 


The usual hours for work in the Canatli.m factories arc from 7 a.m. to ^ p.m. 

The United Kingdom, the U.S^A., and Germany.—From the foregoing 
facts, it is evident that the German worker is paid less for his labour, and has 
to pay more for his living;' than the ^British workers. There are exceptions. 
The‘common labourer, for example, m steelworks, is paid about the same ih 
Germany as in England, and only a little less than in the United States. 
The spendirg power, therefore, of the British ai.d GermanTvorker's wage is 
equal, if viot,slightly hel.er than.tlje American’.. On the other hand the higher- 
paid steel workers, such as the leading melters on open-hearth furnace plants, 
when, living yn a correspotiding scale, are more favourably placed than their 
fellow-workers of Germany and the United Kingdom. 

The efforts whifh aft- being constantly made to adjust the earnings of the 
workers to make the standard of living and wage-earning capacity comparable, 
will be more readily accomplished by a «;'^tematic classification and valuation 
of labour. . ’ 
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Olftjsiflcation of *LaUbur.*tI» ^iF branches* of labour, ibc necetsity for 
rightly valuing and sAndar?lising Xcl* kind of labour has been*recognised and 
put into prafltice.for nftn)f jearl! I|*addilion (o the two mam divisions, 
" skilled’*and “ unskilled,". many^ubiHvisions of labour naturally siigeesi them- 
se!\«es,*accordmg to.lbe lr.i(^e\inder*consideraiioii, kii sijtie Iradi', tin-work of 
classifying is more difiicfflt than in others, but. in every case it prow s tlcaieficial 
to employer and employed. Ihe 4 radc I'mons have made their own classi-* 
fication, and in some, cases have conlrolb^the ttag 4 - value of each i^iss ol, 
labour. * ^ • • * , 

In the GovetniScntJ.ictories of Unt.iin ami .AijierKa, and in* Kiiip|i s»«orks 
in Germany, is well as in largo works il» our own country, such as the Iladtield 
Steel FoundVy T,'c**Ltd., Shertield, stnnd.ardisation of lalioiir has liei m elfei li-d 
with beneficial results. For■iistaiice, duiing recent )ears To our own Govern¬ 
ment factories, the classification and value of labour has bfaii tboroiigbly 
standardised uifde^tbe direition of the chief superintendent. Sir II F. lionaW- 
son, K.C.B., the aisult being tjiat while better wages are paid, more work* is 
done, with a greater degree of eliiciency. and at less 1 osi. 

What has been accomplished^n deteiminiiig the Hue value of eacji jiind of ‘ 
labour in the*vaiious branches ol the ( fidi^iice I'ac torus, is now- Ik ing 1 .iTiied 
out by the United States GoviwnmenPin their investigalions iflto the conditions 
of labour in the styil industry of the Umfed States. Sidney G Koon' gives 
an interesting accouift of^^e se^ of*invesiigations made in a huge steelworks 
at Pittsburg, from whicl^ the ivarticulars ol labour on opeti-lu aitb luiii.ues are 
given. 

Labour on ©peik-beaijih Purflaces.- 'I'lus is ela.ssificd as “ hard," " ineibuin," 
“light,” and “observation," aiffl iindei tin se be.ulnigs is giviu ibe ailiial 
number ot hours each man jvas emploved dining the period undi r <nnsideianoii, 
I'he movements of nine men, opi r.iling the open he,mb liiin.ue were ^liidn d, 
and the .times recorded 1^ sloi> vvatflres giv^ llu ai lii.d Ume cai b man !>■■■“ 
working and idle. • „ 

. • 

• T.Mll.K CXIl • 


Mfti. 


Charging macffinc ojinalor 

1st. helper. 

2nd ff . . 

3rd • . • . . • 

Ladle craneman. . 

^eei pourer. 

Bcakeman and ICnginen 1*. 
Stripper craneman ^ . . 


Mean hours 


F 

1 1 \1 K 

AI 

III MM 11 I 

■| USA' R 







. • •* 




( l| -.en < 1 

nri.r 


Ibiir. 

Oily 


w. 


Ii! 



Sillr 


H iiiw 

Mill- 

liuiii' 

M 11 




20 

24 



42 s 

V'5 


S 

ts 

24 

02 

27 2 

72 f 


22 

•t# 

25 


: 4 '» * 

‘;4 


• >7 

46 , 


*4 


'M 


24 

14 ' 

2.1; 

14 

* . 

51 6 • 

4H .1 


14 

n 

3 t 


30 

7 '* 


t 5 

54 

10 

(t, 

40 b 

-1 


It 

03 

18 


S'' 7 


» 




• 

• 

__ 

• 



• 

• 

• 

• 


r 6 

48 ! 

23 

59 

41-2 

58-1 



■— ' 

a 

- 

• •'* " 

- 


Mr. Koon, *in referring to ibe high iiercentagc of idle liihe of Ibc st 
worker compared with tt»t of tljose engaged in other cljeses'of labour, menu 

‘ “ Iron Age,” Fe? f, 191a. P 
• The locomotive engineer and 
absorbed. • 


brakemai^ar% grouped as one unit| wiili a total of 3* h 


I. 
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<■ f, ' . 

the long hours I of the open-hearth furnaCe rwAker,'and the intense heat to 
which he is subjected. Nearly every steelivolks runs a 12-npur shift, anS open- 
hearth furnace men when “ fettling ” tlif furf.ace.b'ottdm between the charges, 
are exposed to an almost unbearable ficat., The observations recorded in 
Tables CXII and CXud wtre made during (he first jo days of Avig., tpi'i, and 
.out of the 48 hours noted, the .actual time taken b^ Jhe rst, and, and 3rd 
helper^ in fettling the furnace bottom was 9 (lours 34 minutes, or 19 6 per cent. 
•Th(; ist helper was watclfed for 33 .hours, the stripper craneman.for 30, while 
the':harging machine oliefatol, f ie 2nd and 3rd helpers, ladle craneman, and 
steel ptaurer were watched for, 48 consecutive hours. The fofiowing subdivision 
of labour was, made in percentages of thb total working time;—. 


TARLK CXIII 

iNThNSITV OF WoRK 



Hard 

Medium. 

Light 

Observati’jn. 

1st hclp(T . . 

3 ^'i 

■ 7'4 

11 

28'9 

2n<t .. 

72-8 

I9'6 

7*6 

— 

3rcl .. 

r 

br<j 

i,V5 

f « 

, l‘6'6 

— 

Mean, for the 9 men in 'I'ablc C’XII 

30-0 

6'! 

622 

. . '7 


The terms “ hard,” “ medium,” " light," and “ observation,” as given in the 
investigation, no doubt served the object the investigators had in view, but they 
are soiiiewhat vague when generally used for clSssifying labour in steelworks 
without some qualification. For instance, the craneiuhn’s dutjes are reterred to 
as being “ light,” which term maybe all right whep'compared only with the 
physical labour in fettling the bottom of an openJiearth furnace, but one can 
easily conceive of his duties being “ hard ” m the s.anse of mental strain or 
exhaustiop. if operating a difficult crane in a shop where clofids of fumes ascend 
and hang around the 'crane cage. 

I Tlv...n again, work is “ light ” or “ hard,” according to the rate of output and 
the ajiility of the worker. In spine steelworks we have witnessed the same 
operations performed by hand at twice the rate as in other steelworks. The 
human element accounts for the difference, and i.s always a determining factor, 
whato/er the classification or valuation of labour, and therefore inriuences the 
wages of tbe worker who is employed on piece-work. 

Hours of Labour for Steel Workers. - Nlost of the steel workers on con¬ 
tinuous operating furnaces', ire emploj'ed for 12 hours per shift. This is a 
comftion practice in Britain, Aineric.a', and Germany. In America the plants 
are usually kept going constantly until repairs are necessary, the hours bsing, 
for the day-thift, from 7»a.m. lu 5 p.m. during, 6 ci/iys of the week (making 60 
hours), ofid Jor the ni(4lit-shift,comnia.icing [Sunday morning at 7 a.m., and 
working 24 hours, and for the remaining 6 days frotn 5 p.m. to 7 a.m, making 
108 hours. The men workyilternately night and day shifts. 

Iw some' time a vigorous movement has been carried oti agamst the seventh 
day's labour and tlje la-hour day. Mr. Chas. M. Cabot, of Boston, has been 
influential in bringing ""about reforms. , Other .worker's have proved that an 
8-hour shift c^n be successfully run on.,9pen hearth plants? Mr. R. A. Bull' 

* American Foundry.r.cn’s Association, Buflaio Convention, Sept... 1912. 
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states that at the Comrtfcnwaftit U %.eel Co.’s <T]x;n hearth plant, the ij-hour 
shift liSs been abanfloned? and tic ^-hour shift substituted, 'fhe shift hours 
under the old»plaii wereafiip to • p nj * .ind 6 p.ni. to 6 a.in. ; under the now, 
7 a.rn. to»3 p.m., 3 p.m. tij 11 p.in., .i»id 11 p.m. to 7 a.m. I ho jt.mns ehan(;e 
onstho first day of pach wocl^. Frflm the results rei erdej* a 5.i\ uut w^ c lleeied 
by the change, althou^ the hourly wages of the workers wi re jiuV-ased hy^ 
from 14 to 22 per cent. Cases am on reoi'ui where men, r< le.ised from the 
seventh day’s, labour, have souglil and olitamed empluynient elsewhere on the, 
idle days, apitcaring bn the pay-sht;et ol .inOT^trWiiia i^uli r another name , 

We believe" iffat ^ly the general ahandoiiiin’iit ol st. el nianiil.u laie on 
Sundays, ,an<! the eniployineiit only sol labour miess.iiy for luinue plant 
attention, tllb wosJfbr would give more eUieient s. raiee without afiy h|^s to the 
employer. 
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Acld-Uned converters, Ji.ti-. ^ i..,, is. 
Acid O.-H. fwivace, tii.uijts, 404. 
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163, 171, 1S6, iS’ • 

-M(ii‘-I)luun, 137, 13S, 241 

Airports, »MI. furn,..,,, 2,15,2.14 . 
Alkalies, 1 't rtrnt.i^e m llul•htk^. 19 
Alloys, iiusccliantous, ariaKMN.4, }»;• 
Alumlniun, alnoulH^ for 1 < isim;. 

charts, 253 257. 

- fcrro-silico, 44. • ^ 

-pnee^yf, 45. • 

-su^face♦bIow^l•c(»lt\lrtt‘r r^rt'-, 2i'', 2;: 

Alundm. 26. • 

AmerlC&nt convc*ftcr plant, siiiflll, <.>.! 
Steel, 238. 

-fireclays, analvsc* '•T, iS. 

——O.-II. iurnacc pia<in.e, 358, 3^8, 40J, 

408. 

-crucible furnaoc prat lice, tii(.<l, tj‘j 

- -—- - — oil-liri‘«l. loi. 

-pig iron, selling pruth, lO. 

-steel costs, 490-492. 

Amorphous dcctrotKs, aS.* 

--m.inuf.i<.tme {^^ 28. 

—»-plant for, 28. 

Anulysis, allots, nu>celIancoii,, 49. 

— - bauxite, 2^. * * 

-- Bessemer charge (luring blow, I2i>, I2i 

—calcium silicitic, 49. 

«h|rgcs, atid IbvseiifPr, 186, 241. 248. 

-basic lUs|j-iner, yS8. 

-duplejt proies^ 2o6, 410 .ji}! 

- electric furnace, 468, 4(^9 • 

— --furnace, 261, ^<* 7 . 269, 270, 

271, 401-41 I. 

— chrtimc ore, 26. • 

—— diromium-moTjlxlenum, 49. 

—— Cleveland basic iron, 

----gfe>’ iron, 120. V 

- coal for gas prcKTuecrs, 329, *330, 33a, 

343 » 346. 

-coals, 35, 36^ 


Analysis .>ie 17 

« uu il'I. >, 7 

- ''t \ n o . 7 j t 

, 2: , 

■ < It. ti ji I. I j 4- •, 
ini ■ j.. 


I. 

ft ri'- < hi . 


IS 


• r.t> L. I. 


Ir». 

n.iu,, t| 


Mo. 

to ■♦tll.ll.llllli, jS. y 
t o I 1 uii,;''< 11, 40 
II' \ in eh. 'Ml. 

It. i.t hn. I .. 

Ill . I iw. |V 

■10 'pat, U 
ii'i'it f. 21 
"1. - It . 7, S 

.'I 

"O I '!mu11ii . ■! I , '6. 

>’ ■''! >: 
im', iV • 

' k. I ' i.l.,9 

K< 1 tn ■1\ ••■r 11.Ml., PJ. 

t k. 1 li 1 , n,t4'j 4 

- I ! ' I . 1 <' 2 , 

'll. ' I 111 1 i.). fun. u . 

'g MMi,. I I. 12. 13, I t 
[•ij; fi. .Ill ■^(M) III ' I. , 1 I I 

! - 33 U, 3 U, Ill, 

i,<, . 

sili< I I'll' k--. 2(1. 

* > slilt ill iiitn iliitii.nii ji', 4 

-lilt oMlJ.'jig.lK •• .2 » 

f ilic' -'] t* i;( 1. 4 i 

•ill, .III < l.l-lthHUII, 

• pi.g. 1 ( IM II, J \ 

-'.(tiii ‘aMiii;s 24; 

^ StM < 1 . 9 i l.if n II, 112 ’ 

- sti (i>. «*ii] '.11, 114, • * 

- p'.tl, 112. 113. 

; (ungsh j> Of. s. 4t» 

-\ari;nlunii -'H ^47. ^ ^ 

* uaUi ga- 

- Anderson thefi>#rnrc, 132. 

i . . cb.*tg' for, 43 j 

• - Working tosL', 454 

' ^Annealinjf st-tve for crucible., 73. 
I^Arc luinacAj^eUcInc, 42I. 

2 I* 


HI. 





INDEX 


5H 

Arc an<' resistance furnaces, elccinc, 437. 

_combined, 447. 

Arnold, Prof., on suliilmr in steel, 249,^ 
261. - 

Assembling sicciworli^ costs, 493. 
Austria-Hungary, ou-put 01 nnjuts, i 
_P u-juct'ou of pii; iron and steel, 11. 


BaraiUC-Mullbr, onstandardis-ng refractoiy 
mattri.iN, 27 ' 

Basic Bessemer i*>L; nt.nv, analys<*s of, 12. 

__nrdccss. Jydsu. ■ 

_ . arraiij^'cmcJil "f plant, I42, *5*’ 

160. 

__ - coiivci Ur bottoms, 147, 153- 

• hiun^;s fur tonviil<.r, llo, M*, 

I5V ^ i 

-- steel, ana’y''cs ul, 19<^. j 

Basic crucibles. S'- r .x, I 

BaUc-llned converter,", iiargts for, 1S7- 

192. ' ' , ’ 

Basic m.ilctials, 22. j 

O-H. fuin.Kf (li.ir^es, 4*** 1 

- . plants^ 36S-375. jHi. 1 

_O.-Il pit; irniis. .in.dyses of, 13. I 

--j'locess, 2()3’ I 

Basic slag, nnaljscs of, I90. 

-v.ilne of, 1S9, 190. 

Basic Steel, cost,, 492. 

Batho o.-H- fuin.iii-, 277. 

Bauxite, aiuiyscs of, 25. j 

-b.i.ks, 25, 26. 

Becker, on compoMlion ol sell-lKi,'lenini, 

steel, 112, , , „ 

Belgium, (llellleroi, cost of li.lsic Hesscnier 
stiel, I.Sl. 

-output of ingots, I. 

_pro,I ue I Ion of ]>i; n,'n and ste-e-l, 11, 

Bell, Sir 1. Lvwtnian, on cost <>1 non ou-s, 

>3ertland-Thlel luet, o -ii. pi.ue-s,,, 207. 
Bessemer, Sir Henry, on eru.ibiecii.ugcs, 

' III. , 

_on hlbtoiy of Ik-ssciner |>roeess, 110. 

Bessemer lonvoitcr iioiioiiis, 135. 

Bestemer converters, .lei.i eh.irgcs tor, 
1S6, 247, 24S. 

- UasicMi.ngcs for, ifi7't92 

— e.irly.'ypee of, 1313.V 

_ - pressure of an lor, 137, ■‘3I’. ‘"3' '< ' 

' i36, 1S7, 241 , 

-niulli-erm lisle furinrce, 56 

Bessemer pig Iron, .icid, analyses «r, i3- 

_liasK', ai.alysu' oi, f2. , 

--cosf of 1 luilucmt; m U.S A., !• 

Bessemer plants, i.nse 142. 

- small, comiunsoii uf steel,ctt'its, 220. 

—J small fop.t.vines, 227, 

_surface-blown, physicking charge, 2ll. - 

_24 ton basic, iSi. ^ o 

___ __dct.iils and working costs, 182-I04. 

I-- 10 ton basic, 176. 

___ delaus and working costs, 176 l5o. 

I, .. ,0 ton lasic, cost of liel'.i.n producuoll) 

i I'ail. 


I Ba setter plants, 2-ton bctlom blown, 193. 

I _/_I’ctails a.id working costs, I 93 "t 9 ?, 

* - - 2-ton trurface biown, 1,09. 

-arrangement of, I^. 

i __ __charging converter, 204. 

__(hart for r»*cordmg blows, 20;, 

-liniilgs durability, 205. 

-operation of, 203. 

- --progress of blow, 205, 

__rale of oxidation during blow, 206. 

_ 1 - - setting converter, 205. 

_tuyi rt^, du'abihly of, 205. 

— -- 2-tun siirf.ue-blown, 4 eonvcriers, ^* 5 * 

_details and^workin,*' costs, 215-218. 

— 2-lon surf.icc-blo^\n, 2 converters, 2l8. 

__I (let uls ami working ci>sts, 218-222. 

2*lon surf.Ke-blown, 1 const rter, 222. 

_ _di t.nils an<l,’vor’.ving costs, 222-225. 

— l-ton siirfacc-blown, dcstiiption, 227 * 

__details and Aforking costs, 227-23*. 

-,J-ton siirfacc-bluss i, oestiipUon, 233 

_details and woikmg costs, 233-237. 

BeS'aemer process, 3. ' 24 . 

-adtlilions to t barge, 123. 

\meriean [irictice, 156. 

-- -- I^ritish piaciiee. 150 
- eonscrlj* r lo''-, 180, iSl, 192. 

— eost hf mateiials used, 179. 

-fsolution of converter, 132. 

( 3 crinan j>iaelKC, 159 * 
beat desiloperl, U9. 

--istory of, 116. 

- intiodiielum in America, l\ 7 . 

miIhk'uk I ion in (reinvxny, 124. 

-- s(T .p anti lime tb.irging, 154. 

‘_tht rmo-/lieinual ai-iions, 13* 

Bessemerprocess, acid, l O- 

-- an.il)'. s ol thaigodnnng blow,^I20, 121. 

Pnu -b anti (‘.-ntimf.tal practice. 123. 
(Inige, Ineb bt an<l loW' Mn, 120 

- t luigc, low I I'"'' ‘ 

deiellp'l''n of, 118. 

history of, 1 It), 
n,aelions, 118 
_.Swbdisli praslii.t’, 123 

Bessemer process, basic, 124 

anal>'Cs of charge during blow, 127. 

l-'l thr’s imxlilieatiun, 12H. 

— fluxes, 125. 

-lustoiical, 124 

hot ami cold blows, 127. 

— - linings, 124. ^ 

- reailions, 126, 127. 

_Kichaid’s modification, 128. 

- - Sebicltlei’s im fhflcalion, 127, 

strapping charge, 127. 

Bessemer stek'blUets. cost of producing, 

Bessemer'steel castings, anuiyses of 
various, 245, , 

-charges for, 247, 245. 

.- ph\sies tor, 250 - 2 S 7 ' 

_s»5Ccificairons of, 244, 240. 

-tes‘ pieces tor, 4 ^ 6 . 

I Bessemer steel, cost of production in 
1 . Germany, i 5 i. 





--■rf- 


BesssiMF st%el. n-i.o 

^7 4S.1 •* * 

infots, ,.,s»nf rft 

of J l<><i III II Jyl 

— ^ ^fball con\<^icrs, AintiK o. >, 

- sgAU Convci Icis. . On-s ^ ^’ 

Bethlehem Steel Works. 413. 

' 3 i.i<l Brbsoincr ihar^r, iso • 

Bethlen-FalvahUite, < >‘H ;!int •, .01 
Blldt nu < ham< a1 fn vi l> i:'’.u ii i,>,i *>■ 
Billets, l.nst of. Jvl.' 

BlSChof K *’J'*" lu’11. 

Blair wati f cr-,4n.l t.iilLKc il. 

-- I' ^ 

--(*.-11 r>'v*. I'4-4 ihfi liaii s!!i, 

Blast furnac#7 'N 1.1 i;; 

•-fi f (> i I imi, 1. . s. ■5;, j 

Biast-furnacesr \sf 

Blow, .l> hI llcs'-t UK r, t'MANi, ,1! , 

'Imuii;, Wl • 

-- !>.IS4< I*' "" f, -'ll *i' 't •, .1 !■ : 

—■ ilul.ii 1. !i tf. 1:1, Ij 1^0 I^ ' 

ln'llt 'in 1.1.os ij 1. 10 . I -I t. p,. f ^ 

Ntii hi < *1.!. lu ti .. i.\ I It, - . 1.: 11. 

2th 2tv • 

Blowers. iH)..! 1, ^ s 

19^. i.,o 

Blowing* . % 1 "I i .Ii\ ; : . J p,. I . 


/.\ W;.V 

^s*. British V a c.-i '.i„. t,: j , 


515 


Bulkhe.uls,.' 

K \ 

Burjarh Steel viorks 

j'-> , 

Bi^ Ilia iii.i«esue ■ 
Biiltei'iri v.iKes, ' ' II 
B>e pro(J.ii^t I. , 


Cali’lnlna 
Caleiiitii silichli' 


t.Jonllc lain.* ' 

C iNipliell, . , 

j ; -• 

'll 2' # 

I • ■ . . ; I . 


"If 

l-ll^l-lnihl.. * . 1 , 1*1 
"'-1 "I. i;o, 171 17 

i #Nt .4 1 .. .\\ ,*I [Cl ; 0 ■ 

♦ C.iii.id.t. 

i.' • r 1 ; ■ ' . ' , , , 

' 171. ( trbon ' 

• 71 . > 7 ' 

t.irnev iV 

< !i . li'i ; .a. 1 I ! '1 ■ • 

I 7 ^ • - 

fill i ii't '1, 1 7 1. 1 ■' t • 
ilt-diA,*,,. V ; 

Carr’W., 

- «• 1! '1 

UK>1 -di 1 \, II, 17^ ’ 

Carr & Speer. . 

'll 1 It 1 < 11. 11, 1 7ij • 

. I ..1 ■ 

U i.„ unj.h. . ■ 

C.istiii)’'. 


1:5 


IV’ 


- - - IuiIh. t.I. 

Blows, iHI'ul . I II 
Blue Billy, i^; 

Boickow. Vaughan & Co., Lid., i 

liter |.iiai N-. it, 120, |<,<» 

Bondouard, ‘ h nidiuj .. i 

19. I • * 

Boron, f< tro, ..r, ,t>) • 

Bottom blocks,' umi 1-, 147. 

-- lit .11' Ipuii, I 7S 

— iii.Kliine l^r iiiikiDin iM). 

- trucks fur iein..\jii(^, It'S 

BHcks, I i.nixile, 25 

' . (.h^ijiii-r, lor r< jjt n< 29}, 

-elltl.niC, 27 # g 

*-LtjiiM.iler, 

tupoli, 103. • 

-Dietnth, for I'vi' i" iitpi >, ^vj. 

^-(lolonitte, 23 

--fuel UM.<Wii e.ilfininy, 2^ 

—— fireclay and silua, ainlys<< >.t, 20 

-cost (>f, 21. 0 ^ 

-txjtansioii .iijJ coiilf.Ktj 'ii < T, 21 

- — magnesite, 24. • • 

Briquettes, bisic Bess* m<. r })r"*<s>, l 
191. ■ • • • 

Brislee, analysis of natural t^as, 39. 


il. 


Coiuri* 

Cliaplet ■ ’• ■! . 

• 

Charges . > ■ i 

1;. . 


■ r 


■ .' 4 s 

• • 


I « 

. ■ 4 




;'' 


t'.. 


^:h t,; 


, I'. I' 1. M t. I 1 1 

jtI u: • 

1 1, 11 


. IsL 4 '.^ 


t, 


; 1 


I.} 411 

- - '1 i!'...' ••III..', ; It. 

Charging, i. 


(1.11 

• >K ill 

Chart.« 

^ ^«Chemical > 

. •• 


<) ! 

1.1;. I# , 

. f. , I 







5'6 


INDEX 


Chenhall crucible furnace, O4, 84.' 
ChequerW0rk»'O.-II. furnace regenerators, 
J 93 ' 

Chimneys, O.-li. furjiaccs, 296. 
Chrome<brlcks, 27. ^ 

Chrome, ferro, 45. 

-u; ;,'fA'naJyses of, 26. 

-steel, physics for, 255. , 

Chrofillte, 25. , 

-prices of, 45. f 

• —worlil’s oulput of, 26. * ' < 

Chrortnlum-rntflybdenum, aryiiysis of, 49. 
Chromium-nickel, anaivus of, 49. , 

Chromium-Silicon, analysis of, 49. 

Clapp & Grlffllhs converter, 137. 
Classlflcatlon^ of ferro-alloys, 42. 

-of labour, 509. 

flay criKililcs, 10 . 

0 ^V6la.nd ironslimc, selling Ijnccs of, 9. 

— - jiij; iron, selling jirucs ol, 15. 

-yb.iiic, 128. 

-r—->2<;. 

- ^ - - - use m biisi/ ooiucrter, 190. 

Coal, .analysis of, v, 36. .* 

calorifit- v.ilue of, 3 '^ , 

-LOiisninpUon, cnuiUe furnaces, 91, 95 » 

98, 100. ^ 

— • for ge'fs prouuei'rh, aii.tlysib of, 329, 330, 

339.343.346- 

---c.ilorilk \aluc of, 3^0, 

35 ‘- 

-handling plaul, gas |»rodueers, 327, 

- outjml m AmeriiM, 34. 

-prKcs of Aineiii'an, 34. 

--iir.idiitlion of, the u<iild\, 33. 

- pri.nicrlies of lliilisli and l‘'oieign,'36. 

— - - uses of, 34* 

Coke, 35 - 

-analysis of, 37. 

-consumption, fiiuiidi furnaces, 77 

^ 3 ’ ^ 5 * 

—— output in ^Ameiii .i, 34. 

Tr— prices ol /Vineiic-ili, 34. 

^-'Jequirod for jiiodinmg pig non, I',. 

Coke oven gas, 351. 

Commodities, cost m Inglaiv' 
<jfrman\, 500, ^07. 

Comparative costs of pig iron, 15. 
Contparlson, of uiMs, 483 492. 

-of l.ib lur and <i|>erating cosis, 504. 

CompetKiOn between manulaituni''j 

nations, 1. 

Continefilal firecla)s, anal)V.-'of, iS. 

Corverler plants, .uiangenum ot lug.-, 
142, 149, 151, 156,■‘(50, 160. 

— ^ arrangement of cranc', 15b. 

-- - u.st <‘.f,,^77, 183. 

- 24-;rm t'vXsic, 1S2. j ^ ‘ 

10 ton basic, 176. 

2-ton bottom-blown, 193. 

. suiface-Vlown, 190, 215, ir27. 
Converters, aCid chaigcslor, iSo. 

-air-l)last, bottotoblovsn, 120, 163, 171, 

j86, 1S7. 

-side-blown, 137, 138,241. 

-basic ihai'gcs f<ir, 187-192. 

-bottom Idowii type, 3, 1,}?., 193. 

,- boVoinst, 135, 136, 147, 16O, 108. 


80, 


and 


Cor velters,"capacity of, I4«, 15^ 

designj(l45, ^46, 148, 161. 

—r early typo of, ^2-135, 

-heaS from, 178. ^ 

—p-^-inctl^oftof dislodging incrustation, 168, 

-methoijs of tilln^j, 19^ * ® 

-non-rcturi/tind relief valve for, 1^9. 

—j— operating valves for, 149. 

-reliiung, 153. 

—^ side-blown type, 3, 199^ 215, 27. 

-trunnion bearings, 147. 

-tuyere blocks, l^. ♦ 

-types of:— ^ 

^ Bc-Sicmcr, 13% I35t f. 

Clapp & Cntlitlis, 137, 
ir.aion, 137,* 

Robert, 138. * 

St.ick, 141, 23lf. * 

Swe(*l'ish, 136. 

'Tropenas, 139,*'[40, 

Walrand, I38. . ^ " 

Wulicruw, 137. * 

NVmhofrt, 136. ‘ 

/-wind the si, 147, 169. 

Cooling devices, o -n. furnaces, 298. 
Cooper, Dr. A., converter plant, 

* ' ‘ 

—,on Inftic coiuert* I process, 191. 

Cost of, eUattlC power, 39, 4I. 
j'lcclrode pUnI, 28. 

-iron ores., 7, 9- , ' 

/line producUon, 3I. 

- - - iKpiid fuel, 37. , 

pig ubn, 15. 

-pr^Ailucing basic llesscmcr steel, 176-184. 

produt.ing Bessemer [Ug iron, l6. 
sihcious refractor'/ ipritcriaU, 21. 

- steel lyfrumg, 2. 

Costs, avkcmbly of, 493 j '■ 

- ct>in|)ariioii of, 483 489, 492 

■-comparison of, sk/el, 2-(on converters, 

225, 226. 

- — cujtol.i cliarge sheet for keeping, 495. 

- - foi ms used in keeping, 494 503. 

-fuel form for keeping, 499. 

- pljysic additions, form for keeping, 496. 

- - power form for keeping, 500. 

- - iCy'air orda form fyr keeping, 502, 

- 'lores form for keeping,'498, 

-s^ilcm of keeping, 493. 

Cranes for converter plants, 214. 

ClVJClble furnaces, anlhr^cite-nrcJ, 66. 

appliance for r’emoving crucililes, 60. 

• application of water-gas to, 60. 

- coke-hred, u<\lising waste licat, 55- 
-ilesign, 67 

- -ftecoic.)!!!) in Tt [)airs‘, 60, o 

electric, 462. • ^ 

ecoliUlon, 54 

- - lorced tiraughl, 62. 82. 

lining for, 50^ 
liqin.l fuel, 57, 62. ' 

- mulliplt/, 56. 

- - yt'tural gi^■^l^ed, 67. 

- — Nordenfcll oil jCt for, 58 

- ■ oil consumption in, 58. 

♦- - - oil-ii^red, 58. 

. - ’-witli regenerators, 64* 





/A'/>£X 


■ dcM Mj'tiiku «nvl ^ f 141 h>n, H 
ui.l Sj, S4 

ka-'io, .S4 

- 'i; HI 'j'tn'U ui'l . j-ruii.’ii,*^4. 

d«fc.»i!v v\ ‘ikii.j* i.v-d, So. 

^1. ^I'cn^''S • 

»i' 11 i,> 4 M .'tl it , ,nN, 1 ;0. • • 

'> * ; <•' ", '' > 'i! 

^ I u . ..t lui . 1 ; .• Im-Ic, 'M 

« <lf 1 ult.llt.l V\ I hJI V -S's. ,jl W,. 
‘I'tiMon. • 

> Cupola .■,* 

f-I'.u:---i.cMv; 

V !.-l > , I,. 


I. .'iS 

'I 1 f n'li\. I ;i 


-'. 1 , -' 5 -’ 
Cupolas, ! 

I n'' 


f.'i nil ir. 


5'7 

Crucibl? Steel Kanufviure. 'i.iirr, s,. 

-rcgvnttaliNc, Milh^uWc I'lr,, 

6j • ; • , • 

-Illun)), 57, 64. , * 

—i-V-♦ 

'# C-arr. <14 • ^ # 

C'.irr .in<l S}*<*cr, "4 
C lionhail, ^4, 84 • 

iKiw's.'ll, Kol.iii'.ii ii'il I',.!, (h) 

‘^6. • ‘ . 

(•KhHiiII, 

Iltir.Nm m, 544*^' 4. 

55. 

X*k kli.f.n 'fo 

I.iTKlcin uirw S'l. 

Mai.-r, (.4, s^. • 

N.,IhI, s 7 . 

I’c.Uf, Ojl 

^O, 37, 0^, S^, 

Crucible process, 2,51. 

■ iron lor. |: 

• his(uru il, 51. • 

- • - m.iiiuf.n U)r< of st.. I, i;» 

Mill', m. llioil of •• kiihi:^,' ; 5 
• - rc.Khoiu m cruul'b, ^2 

- relation lo oliu r nr. n i ■"> '^0^ 

- — rise of I' Ku (iiu iliU s, 1 

Crucible steel, i.ari >.>n ui'l sj 

-conipai ivaii of cO'.M, 4S*48 j 

-in^oi'. So-li.n, 3. 

-Ul^^ots^of pioj. -,3 , 

-- l.M S ol, 110, III. 

Crucible Steel Co. of Ainci It a, }. 

Crucibles , l.lblc, • 

- — ii)’ .in.t fia-' i ,t > 

-cll^’, 70 

-drying .irel at.n ;f, 

-}i( .its fiom^ 70 

--—' li.l> atnl st.iii't' tot, 7 j 

~ - — iii.iniif.Ktufi,, 70. 

- —nioi,Min^ I'V hin<i, 71 

- --mouhl.n^ I-) in.uliiiiC, 72. 

-carliesi iih* of, 5 | 

- pliimbaf^o, 7 \ 

-in.aisTials u-'C-l, 73. 

- St) nan j.rfliilii*-, 7 \ 

Steel 




' CuMs• 


I 1 M 
.11. I < 


Ji; in 


D, 


Da.'by and H.ilton . n P. lu., i i i,,ri , 

. , . 2'''7 

Oavlc.., ......I , .!,.i 

I ■ ■' . v> 

Davison and Mathics, »ii,i 
Dawe.n Robinson and Pope , . i.r. l 

. I. =i. I f, 

Dawson . . i ■ i u. t, 

Deposits ■ 11. if. t. , I. 

Desltfll . I.I '...I , I, : ri 1 r || r |S, i|S, 
11.1 

'.'O' ■' ' .. "■» .'7 • 

..III I'll.. , .'O 

Detroit Steel Ca.stln,4 Co., 

|l^'. ,1, .•!, 

DcwTliirst I.. I 
Dick F. W., I 


ii! i.i!< j n 
.1 lii| n I t 1. I 


Crucible 


Manufacture, Xn.cn. .n Dick anckRiley s m .v.t i- i ii. 


j-ractKc (jjas fiKtl), 99 j .., , 

(lescru'iion aii'l opt r.iin>ii. 09 I ^j^Clrlch. if. V t 

-- rlctili". an<l v.#rkinj,; I o.;,, . ' 2u • ♦ 

American jit.Kucc (‘"I *'>•• ' # O li fl.in k <• p. it, 27-; 

-desenphon amLoptr it:. in, loi- Dinas ' • 2*> . 

—»—dct.aili and woTkiiii: c.. loy u 1 DolomllC*, 22 

Idawson, Kobn|''"n ard I’o, * 9'* ni ‘b ■22 

-(lcbcrjf)lion ar^l oper lUon, 0 l.ri-ki., 24 ^ 

-details and workir-f; coii», 9 ^ 9^- !,t^ k, f' 1 , .fov. to 1 , ijS* 1 s f 

lluutsman, 74. 0 C dcinmp, lu« I ui-.!, 2 5 

-description, 74. 

-operating, 74.* plii.i, 15’ 

-lietails and wf/rkinfjKo^ts, 77 ’"''' * pr-p.ir.tiiori of, 22. 

Hantsm.an, with 4 crucilrKs m hole, an<l i.ir nnxgr, if* 


n I ;if4;.;c '.1 ! If iiij . 1 a 11 h, 2 171. 

■>. if>, V >7 . * • • 


79 - 


-•description an^ operatiorr, 79 ^*1 . _ . 

—-detaifs an<l working cosib, So, 1^1 gDoors, fuinacc^, Knox water-cooled, 

—- Lindcraann, 87. • • / ** « 


Donaldson, Sir H. F., <-n of 

r. 5 '^ 




INDEX 


Drop-bottom, converter, 140. , 

Dudelingcr WoKkS, lusn. liesscmet practice 
at, ipt. 

Duff, gas producer, 331. 

— O.-n. furnaie, 283. 

Duplex pfneesses, 4I2. f] 

Itcssn'ier and rlicliii', 416. 

.Klr^ rs fAr, 414, 4J<», 417. 
ni,^,l''rKils iiMrii 111, 414. * 

.mil Ijo-oi iiiri, 4i|. , 

()-II. and ell t.lrit-, 4ii< , , 

' Du^l MCketS, 1 ^- 11 . furnaces, 275, 2^2. 

' Dyblle, O.-H. ttcctsing valve, _3»3. 


Efmlmann gaspmdiK.r, 325. 

Ele'Ctrle circuits lot el.iliu fninares, 427, 
457 , .460, 462 

Electric furnitces, .icgis 430,431,' 
f, 4 <', 41 !, 418, 4 (> 1 '. 4 <>y. 471, 474 , 
475 , 471 ' ' , 

— i-voludoii of, 4if.. ’ 

• ’ ri-.u I lolls III, 4OO. • 

—— 1} in’S of: -- 

Aiidti'son, f 52. 

I'liaiilel, 454. 

Cutts, 44 t 
Iclectro-ni. i ils, 455, 

I'cri.mll, 419 
I'litk, 4;2. 

(.Ill, 41 ^ 

1 , 01 . 14 , 447 . 

1 ieli'i Igi 1, .]n2. 

I lerii.g, 464 
I Ii'itnill, 420, 437 ' 

Ihmill, 433 
I^jcusky, 465. 

Kt Ucr, 457 
Kjelliii, 4:0, 425. 

Levtd, 45'’. < 

N.lllllMlls, 4^9. 

I’.ir.ijfon, 436 

^d\tK'hlm^-Ko.U‘nli,iuscr, 428. ^ 

'Riillicnl'uii;. 44.}. 

SKineiis’, 41S. 

-Si.issmit, 419, 421 

ElectVic PQiWer, msi of, 39, '■ 

(tixi iH^r k.u. .mil h }> )r,u ,iii'! Iioi.r, 4I. 

- iiM tl in sU'cl ri.'imt u ime, 32, 39. ' 

Hlectric FTi'ocess, 4. 

- 014 lions toi. 14. ‘ t 

Electric steel. .m,ii>sc^ ''U473. 

-^cost of, 4S<'), 4S7, 48S, 489. 

- - Uses of, 472 t * 

Electrically'^ driven convcrler Monini; 

< ngine, I75 ' * 

Electro-metals cioctru- funutf, 455. 
Electrodes, t-ouiiMUsi.n of ^mphuo .md 
’ noit-ur.i^fluV', • 9 - ‘ 

-ot'si of pl.tni tor lu.ikiii^', 2.S. 

ft)i eleciiic fiirnart's, 25^424, 442j 451. 
-in.amifaclure of, 2S. 

- j>rices t f, 29 

Engines. Blowing. “^00 />/<>:,7//^ 
Expansion 0l Ihcday and silR-.\ bucks, 21. , 


Felfen and Guiltyiume converter blow- 
inf eiiRincTlT*^. ♦ 

Ferranti elfCtric furnace, 419. 1 

For.»l>-allpyf5. 42 , 

Ll-lSsliiCiHlUl^of, 42. 

- in.mufaclurc of, 42. 

- • [).irticul.irs and analyses of, 42. 

sflliiij^ prices of, 50. 

Ferro-boron, anabasis of, 49. 
Ferro-chrome, 45- * 

^ — .miouni for sjii-cl casUAgs charges, 255. 
-an.dvscs o(, 45. « 

i Selling prices of, rfi* * * 

Ferromanganese, 43- 

- .iiiiuuTil lor sU'-l casiingj. charges, 253- 

257. 

an.ilyscs^of, 43. 

■ -- talml.Uion, amount of, 251. 

-'CAing prict s of, 4*3 

-siiil.uf-blonn tt.iuiTilcr charge, 2l8. 

Ferr;f> molybdenum, 46- 

- ,in.d)M-s aiitl uses 'ii,l|7. 

f sclh^'g pru:c ol, 47 

i-erro nickel, .m.d)sis of, 48. 

Fjerro phosphorus. 4^- 

t i'.dy^y,-f, 48. 
ii..^nl.4S 49. 

Ferro-silieon, 43- 

,tvi-'uiU foi sUtI castings‘d.argcs, 253- 

i?57- * 

. - .irdyscs of, 43, 44 

- I .d( Illation, .muMuU of, 252. , 

'filing pin fs n(. 44 

j — suil.^'cc-blciwii tonvcrlci charge, 217,218. 

Ferro-silicoialuminium, 44 ' 

Ferro-sodiupj, 49- * * * 

Ferro titanium, 47. c 

.inal)<'st>|, 48. * 

■—- selling pin ( <>l, 48. 

Ferro tungsten, 4.3 ‘ 

.m,tl\Sis 111 40. 

- seiling ]iin cs of, 46. 

Ferro-vanadium. 47 . 

-.inii)'es ol, 47 

• - -- ''elling pin cs of, 47. 

Fireclay laieks, an.ii)scs of, 20. 

losf'of, 21. , f 

-L\p.insii>n juid contraction <if, 2i. 

Fireclay compounds, fusion jHimts of, .19. 
Fireclays, brmsli, American aiul Conti- 

lu^ii.il, iS. ^ f 

- ol>jcciional)lc sulislanccs in, 19. 

Fischer O.-U. reversing \ahc, 315. 

Flohr biupictics, %asie lit-sscmcr process, 

--ifotlimalion, Itasic l^sscnicr process, ' 

12S? 

Flues, O .H.^urnaccs, 295. 

Fluctuation in pnccs of pig iron, 17. 
Fluorspar. 31. « , 

i' -- - .in.il)ses 1/. 32. 

- output tif, 

,-scfdlig prices of, ^l, 32. 

I ^-surface-blown aonl'ericr charge, 217- 

- — U S.A. imports, 31. 

Fiuxas, t 





5'9 


Fluxes, wincr, 

I'l'-lrn'iit; ;-c f v. i-^.X ' 

rOUnuriCS, coi^^riM i lU.:-. 1 f lofl 

FoxVi.“'r* • ^ « 

rox, o., Ifce (H watt r-;; i-', 'ui- ,, 

% • • • 

^ • 1».in^.. O'Kil'l* ftin.u*-, 

Frames.'in.^r, Kn..v » I'.T-.u. ioi. 

France, .'■,i,|,„i i • 

- pt.-h'. .. i;„l M,, I, 1 i. 

Frick oNiiric (ufi . 1 .• 

-- 

Friedrich 'UikImWi p>ii| j..j 

- - .>r j.>.| 

Fuel, nilj]^ Ot v' t. }.>2. I 

-,|or ^ U |)|, .lij. < I.f , 

340 ♦ 

-for ('-If ■',»'>! ■ >' 

-!■ T I iit'i'I tvii ti ■'y)2 

llijiil<l. * 

- ■ il^ f"i «, UK il‘l' nitn K ' ;,s 

- •■li, < "IlMlI^j-lK .11. ( UK ll '. ' t t 

-- - - |>i‘ "iiii iK'ii in r ,n II \, ; { 

- ■ 1U..I, Imm,. o.-n futi,■ 

15<‘V'< in< r I I'liM 1 '' I ; ui . i;'' UC 
-Mc, 2P>, 

in l-ui 11111',^ 111 i^M^ 

Ill I k!i iiiin,.; 2 j 

-- - 111 , I ',11. ^ jj 

Furnace, a*ri:' pii .ii i _ • 

f« Ui-m lllg UK SC, (Kj f 

Furnaces , . UK )i 1< '^1 < (''!(■ I 1 ■• 

clt < tn^ .'^1 c / / '' . /''i> '.-m 
. I'pt n-li< ,uili, ><«' (’'■!- ve‘. / 4 ’1 . 

.■{, j«M. ,i,n. 


I.ili.’t ,..i 


W'‘: 


Fusion points i lu 


II. 'I I'U 


ct 

Gallownys, Ltd.. M.'iu lui 1 i v.n, - Kpn,’ 

I7I. 

Canister, 20 

' - maly'i ^ 21 . 

- ■ cost cf, 21. ^ . 

Gary ‘ ‘ n p'nn-.C' ^ \ 

uas, C ilKl'Ok' 'U :i ol 

• I .li'iufik V i'u< <'1 I If .'liK . I. 1 VI i V 1 

Gas driven M >n\ < 1 li I I luu II I,; ' ;’ i" 5 

Gas, natural • 3 S*- • 

- .in.tljsii uf. 3u, 352 
iuni|),uisnn with ^52 

-01*1 put m U \ .ui'i < u. 

pnccs of, 342 • . 

-,ise m 0 -It fuinii^s, ^u ^ 

Gas ports, o n furnut'. 2'M. -’ 'I 
Gas. producer, .>M' rv. 

341, 344. 34 <^- 

t-utof, 347 -» ^ , 

Gas producers, .atrounl'if*.(<.un in, 

35 '- , ,, ,f* • 

-- BiMt mcJunKal,^i."t tor, .,2] 

-bye-prcnlucl rcctiv. r_i, 32^. # 

-c.ip.Kitns *f, 329 » 337* 33 ^ • 

— coal handlingfcpiuot tor, 327. • ^ 


Gas prttuuetTS. < “M 444, 

- ■!oty,i" rr.| .'I, ;J 4 , 

‘ '■ -.7. ; 4 \ It’i , 

I'Ki ,sc>. , , ;;o, v.u. ;;u 441, ;j 

M- ,1 >. ■ 




4 ^* 

: ; ,s 


jas prtMliK ink". 
j,is. ualrr, • . 


jeb.iuor 
jooiVo ' 


1 


jforK’^tnanrnhuHe 

II : u .. 


German 

u2 V-' 


GermaiiV. 1 


i.,i: I. 


.402 




‘ 1. 2 \i. 


1 t" 1, Jo„| I 


f Gin '■■"■I 
Girod#t' 


if/- 


< 1 u. 


it 7 

J- >. 173 


.r 1 , I.lion, 

* . • 


»i; K 

ikin' " 1 ,.r/> 

Gledhlll J. (fc, 'll 'I", '"I I. Ml',.in;: 

■ IK 

ii i • 

'•Gotrens, I’r.. '>n n'c ■ ! i n'i'iiu , imu 

(, I'.in. I''iplvl. 


.II,' 







520 


INiyEX 


Oollath ^'.Ts prndyccr, 340. , 

Gorannson, F.t «n Iksscmer process in 
Swtilin, 117. 

Graphite electrodes. 29. 

Great Britain, Jicssemet practice. .See 
rro(fss. I* 

oiitpiV, of ore, pi^ iron anil steel, lo. 

*■ f', if steel, 150. 

Guillets L^On, on tuanunn in steel, 48.' 


Haanel, Eugene, on eiec-.ro.ies, 28. 
Hackney & Wailes O.-ii. fnrn.ue pon*, 
27S. * 

Hadfleld Med l'>iin<lry Co., Kul., cbsMfKa- 
lion of l.iLour, 509. 

H^rlson and Wheeler on o.-il. furnace 

UsIn 26 [ 

Harvey, porl.iblf mKihlc fum.'iccs, Ol. 
Hatton «<.n\trilr, ly. 

Heai’.Me^'emiah & A. P., on American 

|ii^' ir'in tosiv, 180. * I 

Head<letachal)Ic]><f:i, 304. 

Hearth, o.-ll. lumacc, Amaican I'lacf.ce, 

291. 

-IJrmshyratUls-, 290. 

--lu.ileri.il'i for, 290* 

- • - rclalioU lo lapatily, 290. 

Heat, chart, conM-rlcrs, 210. 

. — d<“V< loj'Ctl, lU'ssemcr praclice, 129. 

-'iroilutin^ .ificnls I29 

-shei 1 foi asseiiihltn^ costs, 494. 

Heats irmn l?esv«nur tmtcerlers, 170, 1S2, 
195, 198, 215, 22H, 230, 241. ^ 

from cnuililc fiiin.icts, 77, 80, 83, 85* 

91, 94' 99 i 103 

-flntru, funiact's, 24;^, 427, 43I, 43 ^^* 

440, 442, 450 

_(l.-H. fmnues, 266, 36S, 373, 37^, 378 , 

3 «<>- 

Helberger cUi uc fun acc, 492. 

_ t — ^ - opciaium of, 493. 

Reringf define lumacc, 464. 

H^rouit det UK furnace, 420, 437. ^ 

... diaigcs for, 440, 475. 

--i5-1'*”>437 

---- cipcralion, 439. 

- _ , wnrkmg cosN, 4 V*- 

._.2blon furnace, 442. ^ , 

High-Speed loohslcd. 8ec lool Sted. 
Hllgenstoak, intoHUiSUon of /.ly, iioniinier, 

( K7- '■ 

Hllger'ijas producer, 342. < 

Hlocth electric furnace, 433. 

-diarge for, 431 * 

Hoesch Wic pioccss, 207,^08. 

, ____1, chemical changes in, ’09 

Holley* convertor bottom^, 136. 

Howe, on AiiY^rican crucible fiKnaccs, loo, 

lOsf. *• f ‘ 

v>n American Besi^cmcr process, 1 19* 
Hughes gas protlucer, 337 
Huntsman crucible furnace, 54. 

--r.-cest, 77. . 

___(Icsci iplion and ^dimensions oi, 

• 74- 


l^H\intSl^an cfucible furnace,.operation, 74, 
i - / -^ . wording costs, 77, 


Igewsky dcclKc furnace, 

ilHnols sMed Co., acid Bessemer charge, x86. 

induction furnaces, electric, 425. 

Ingots steel, cost of^ 492. 

-cost of producing Bessemer, 176. 

--cost of steelier,.489. 

#-8olon Crucible, 3. ^ 

---high sulphu^ 250. , 

- output in Brrtain, 150. 

- . —e-- Germany, 150. *■ 

__U S A., 156. 

-world. 1. * 

I -foifprojectiles, 3. 

1 Inten&Hy of work, 51%. 

Iron, Cleveland liasic, analysis of, 125. 

1 Cleveland grey, analysis of, 129T 

I Ironrore, 6. • ' 

I ^— analyse', of, 7, 8. 


- cost'bf, 7, 9 

— - reserves of woi Id, 7 * 

-* - polling puces %f, 9. 

-IJ^SCS oF, 10. 

Iron oxides if. fireclays, 19. 

Iron, pig, amount of coke re^n.ircd for pro* 
'ducing, 15 . ^ . . 

-aijounl of fluxes required for producing, 

* 5 - , • 

- - analysis of, H, 12, 13. *4* 

f for acid Bessemer process, 13. 

C for acid process, IJ. 

. --h)i o.isic Bcsfcn>“i process, 12. 

--process, l;^. 

--<iuciblc profess, 12. 

- for cKclric process, 14. 

- fur <C-II. jHitUen metal processes, 

14. 

-Bessemer, cost of producing in.U.S.A., 

16. 

— ci'Sl of, 15. 

percentage production (1910), 10. 

-selling prucs, acid and basic, 16. 

Italy,'»Mtp'il V f , 

- produetion of pig iron ana sled, il. 


I Johnson, crucible furnace, 55. ... 

Jones, Captain, mirotluclion of pig iron 
mixy, ii 8,;317. , ' , 


Kapfenberg, crmAblc strcl manufacluie at, 
III. • 

Keller electric Jurnace, 457. 

Kelly pneumatic procjjss, 116. 

.KerpeVgas producer, 344. • 

king, C. P., analyses of Bessemer metal, 

*I20.» * 




/xn/:x 




Ktrkhani, yi^., 

—— <J..U. U'vorvinr ',i(^ 

Kjellln'clcctrit fr.ii v<-, 42.1. 42;. 


Linlntn. fuinwr. iinpi.-vnK 0. 

• KMIIoTa) !«-, (K‘., 

>>•1. n.j 

■ U 4 . 


^ «lcct«c cltCUlts f. 1, \2f 

nii\<r,«;i7 

1 

-ci|>eration if, 42(» * 

Oil' nn.l-, .! 0 r. n--i. 

241*. 2oS, 27'’ 

— . - workini^ lovtN, 427 

1 > ’-4 • I ^ . \ t2 • 

•• 

Kladno. Isim'. l'*< n ci pi * o. < 0. 1 

(^uUl fuels, r 

% 

llcssoiner siet 1, aii.ih M •• I'/s). 

i , t I I 1', II III'.!. 2 


-- coin crier < h \i ije. ^90 

. ^ !•'. I'l'l 

S'*! 

Knoth l-asK pro,,<*.v^a7i 

Knox u.il(r.Li.olc‘l li'.’.lkliSa 1. ’y*-''- 

I'd. ! 4 - 
< il', r. 

. 

.—~ iloofs aiul h uncs, 3<x> 

--p.,fl, 2')<) • 

i-r • .i.ii r--i 

' 11 ' Ill’ll . 

r- 

• 

Knox, Commissioner, sti ti^i 

■ , ! • f • - ' « , " 

1 , 1 - 4 * 11 .( 1 

4'P- * 

KOOn, on \nuri<.an ^!e< 1 u i><i , tOJ 
Krupp, l '•■'Cl', nt iiAlai.iiii< 0’ ' i.ii ihh ■" 

Llvlntr, ■ ' ■ 

p 1 , , t. • (..,0... 

-I S» 7 . J 

s, no. ^ * 

— - l s \ . 1,' 7 

1 LonKimilr, P., . ■ m i - 

ii . 2|'l 

• * L 

Los^ ol mi'tal . 

t. il.M 1 


IjUlirlc.ulon. I 


Maclilni' ; I 
Mauncslto. 


M.iKiiet steel, 
M.A.N. Co , • 
MaiiKt'"*"’''' '■' 

Mamilactiire, 


. W 


Labour. 5 ' so*- * 

A'-'e lliMy "t c ' il ♦ 

_ r JthlW, 1 I-SS I',- 

-- — (uinniK 2 ft , 

_ -mtuc 2^1.2 

237 - , . 

- - r j'l'" c^'. la-u ,17'. 

- - tl issiTic.iii' 1 ' ’f, V , * 

— ill bled 111 n.f.i f 

— ciucit !o [rii.acf, 7 ^ 
elrv flu fill n It t *, 4 d • 
lie>iir- !■ It •!' < 1 uk11^10 

- ()-11 hitr.acc I'l uU', >7 'i ' 7 '. “i 

, * . ..f 

- I i;’s ' ■ n d 5 

-T.il'xit liini.ui iilviii", 3 "^ 

1 adle, hot imt.il, 151. i'*i 

- tor Wfif;hini; * > "" ’ 2- i 

Lancashire and Yorkshire i'i s'- i 

ci>nv< iti r 1*1.tiu at, 21 

Le Clfateller, H., ■ n i- i ■ n ; 

Ledebur. A. - ■. • o- 'i-i' ' 

Leflalve & Co., . -nvci.r i. 'n.,; m , 

171 . 

LeVOZ . 1 " 'll. fiirn.-u.-. 4 Sl'- ,• 

Levy, D. M?, on^iill Ilia 111 -I' 1 

l^twa.i.n^, l-i>i. O il - 111 - -.. -W 

--cosi of^ro.hu iiij,'. d • 

--nercentaf^c iiv ‘I, ^11'l' 1 ' ■ ri'' 

, 180, l«l, «■>> , 

_ prucs of, \\, 

Limestone, nmiyxs .f, 27, to , 

-prices of, 3 ‘^-* • 

_surface-i'ftn\n roicerter ■ , -H- 

-used as A ll’ik, 30 

Llndemann crucd ic fjm.i #, st>. 

Linings, ’ 

_ basic O.-H-fian,?.., * 65 . _ . 

z: "Zku.l and 1.-1 , MJ- -* 7 , Mlxcrs, pig iTOn. -,.7 

_i-mcdLl oTiflsli-ltting tnausiar,*,^ a','C'il?.' i >''7 * * 

,, » . • •*,-,’l..,’il 1 *i.'.!'aliu.ii in, r 4 

-jicat M, 225. • •• , ' 




r. t'-i 


f II I -O , 4' 

Masseno/. Dr. 0 .. > > “ 

1^1 .. • .1 \ I ['■ I. I'K' 

Materials. • '■.! ,> oi - 

I I ,22 
I a ' 

I l.S, l.lfl < ! OMl 

' i 217, 2tS , 


• of (•', 

, K, f. 


I 1 Itl'l 


i-il I 


. IH 


r 

.1. 


- . 6 


Maurltz, . - . 

Heltitnf polpt -! I '111- ‘1- o 
Miller 11 .. 1 1 . I -'"I'l. I 1 •i* , 

_ * *- 1-. I '■ ^ f 

-- • , Xl -t 

Milwaulwie, .o' i' !■ ' '' J- 

Mills 11 -! l•‘’■ . • 

Mixer, i-'i "0 . 




• INDEX 


522 . 

Mixers, pigf iron, elimination 01 sulphur in, 
32 »'- ,■ 

-heated, 323- 

--- introduction of, 118. 

— linini^of, 317. 

-O.-H. type, 319. , 

— O.-H. Upe with rc(;enlrators, 310. 

• opeKtfon of, 324. 

- unheated, 321. « 

— iisefof, 126, 151, 179, 182, 357, 3ffi. 

Molybdenum, chromium, ai/ly^isoj, 45t^ 
-h-rro, analysis of, 46, 47, * 

1-nicXcl, analysiV of, 49. 

—- ore, analyses of, 46. 4 

Mond pis urodiiJcr, 332. , 

Mond-Trump pw |iro.i*ccr, 334. 

Monell & RoeS-JameS basic process, 270. 
Morgan fas producer, 338. 

Mo^r driven convener blotving engine, 

MusW, Robert, introduction of spicfcl- 
eisen, 42, 117. 

-use (f Vingsleii, 45, 112. 

Mushet Steel, 112. < 

Mushroom ValveS^O. 11. furnaces, 3io.<' 

». . 

N 

•j ^ 

Nathuslus clcdric furnace, 459. 

.—-ojier.ituui, 460. 

. working costs, 461. 

Natural gas, 351- 

-.analysis, 39, 352. 

- cost of, 39 . 352. 

-- coni|nris.m with produeer gas, 352. 

-output, 39. 4 

- - use in O.-H. furnaces, 39, 

New-Form Siemens furnace, 376. 

Nickel, nnalysis of, 48. , 

-- selling prices of, 48. 

Nickel-chromium, analysis of, 49 
Nickel, ferro, analysis of, 48. 
Nlckel-molybdAfum, f.naiysis of, 49. 
Nlfkel-tungsten, analysis ol, 49 
Nobel liquid fuel crucible furnace, 57, lot. 
Nordei-f^elt ml jet for ciucible furnaces, I'S 

North Eastern Steel Works, Middles 
hi.uigll, 151-156- 

--4^— converter iieats per shift, ^182. 


r » 

Oil, nnalysis of, ciuciMo fiirnnccs, «;>. , 

- — crucible 58, lOJ, 

104. 

-crmsuinplion, .“^tock converter, 240. 

OiMlred crucilCc furnace wiUi rei;cneiators, 

64.^ " ^ 

-O.-H. furii.Kcs, 382, 384. 

----cliar^es for, 3 ^ 3 ? 3 ? 4 - 

-1 —y-- W‘bt)^n on, >86. 

Oil fuel, cost of, 37,386. 

O.H. furnaces, analy^s of^cid cnaiges and 
sla}:js, 261. 

^ -charges/or, 400, 404-411. 

—— charges partly liquid, 260. 

^— charging by hand and maeWRe, 259, 264. 


©■.p, fui^aSeaT chemical reactions 

—f— cncqucrvXirk, 

-ijiimneyf, 2^5. 

t-j — constriction, 288. 

-^aolingyd^vices, 298. 

-cost of, 364, 365, 3^6, 367, 383. 

-design, 288. 

-<<levciopnu*nt, 272. 

-drying, 2?8. 

-fixed, 263. •« 

-dues, 295. 

-gas and air pO|ls,‘2^3. * 

0 -— hearths 290. 291. , 

—heals from Gerinart^259. 

-l.vhour on, « 

-limng<l^ basic, 265, 278. 

-liquid fuel burner, 286. 

-mixers fo^ 265. ^ * 

-molten metal charges, 264. 

-mo\*able roof, 279* * 

(-ports, 278, 279. * 

-rate of mciiing in, 260. 

-n^gemrators, 291. • 

-■f- rep.uigng bottom, 294. 

-- - rot.iting, with air bl.ist, 275. 

' • ^ - solid diarges, 259, 355- 
i(f,ting diyge, *6o, 264, 

- iiUing, 265. 

- - lime of charging, 259. 

-vafics, 295, 310. 

-w.Uer-cooieH roof, ^76, 

-- ■ wit^. double hearth, 283. 

with twq^tap holes,.283. 
lyjws of: — 

- ital^io, 277. 

('.unpbei!, 284. 

1 )ufr, 28^ 

I'crnoia^S. 

K.idfrfdfc, 280. f 
j Siemens “new-fonn,” 251 . 

I - - original, 2f2^274. 

I -rotating, 275. 

' -- with dust pockets, 175. 

- with two gas piothuvrs, 
Talbot due connection, 285. 
Tliwaile, 281. 

Wellman, 284, 285. 

O.-H. fitmace plant, c<^t of,,364, 

75-I011 furnaces, 368. 

-details and working costs, 

40-lon furnaces, 366. 

^ — dct.uls and forking cfcts, 

- - 35-ton furnaces, 372. 

— ..rflctails and working costs, 

15-1011 oil-fired ^rnace, 384. 

- - 4 — details and worljin^ costs, 

-2-^; to^ “New-fonn'* Siemen 

’ * 376. ' , 

-dclaiJs and working costs, 

-1000 Ib. ou-ftred furnace costs, 

— arrangement of, f 54 » 3 |,^i 3 ^» 

• -— Ueihlen-Fs^vahutlc, Jbl. 

-charges for, 372, 374, 383, 384 

■— 

«-Georgsnurienhulte 73 w. 

handling plant, 355, 357, 5 S*- 
4 —labour .n, 368, 370, 345, 509. 


in acid. 


285. 

366,367. 
368, 369. 

■369-372. 

372-374.' 

384-387. 
s furnace, 

^76-380. 

361. 

,400-411. 





/rpf:x • 


523 


ItJ !I-'U c li V. • 

Ii» '-'-I. .’v. -Mi 

111 I .. I -s, ], II ; 


Physic ■ ' I ^: 


.[ ; lll;^ . ( -.tr**!, 


{■ I 






Pbf Iron. 


O.H* ftlPIl&C6 pl&nt> of Mast JUi* PPHCC* N. K., Ihiiii'l furl tiuoMf fuinj^r, 

5 S 7 . . • \ 0.* 

— Pillion of nnx» r^57. f % , Pelner Wopks. t oiurTirt Mi’Wihjj »( ^>nr at, 

scrSto bUmHinii prcvNos ' ir, ,6i $ 1/5. 

— Uniiji hietl <. 0., 35X ,• Pernot f"? tuiiui < , * 

ftjinK cnliijiiatijrs, ;55 , • , Petersen pr. C» ■Ml II •t'M !l ‘fiS 

.—*f\n; n\<.iii’inlia%;,i5?.» Petroleum. u.iiA.-oi, 

O.-H. pig Iron, acid .Hid Tiasic, aniK'O ■ I. ■..ilniu \ liu. ;.s • ■'t§* 

13* M* • I't ' !iti ti . ;S * 

— - titoiitn metal proccssis, ainl\>»c!> of. 14 PhCD^IX Works. u-Um- lav;, 

0 H. process, 4 •* • * ' i*', < * 

-ncid, 258. Pho:phorU», • Innui.it,. ti lo.m » ' » 

basic, 363. * * ^ • V. ■^^’’1 * * • 

- cost of sieel pro luciion, 303. 376, f. n. , 4'^ \ 

48S, 4S9 • , 

O.-H. processes, iMii*- 

* * lkTJr%n<l-Tliu 1 , 207. * 

1 IocslIi. 267. 

XDotb,S7t/ 

Montdl v<: b ci s-J uih-v* 270. 

P''CKvIk.l- lA, Icn, 200. • 

^ Sui/\cli, ijS. 

TtllH^f, 2(.S 

Wiikuwi#, 206 

O.-H. steel, anal)'< 5, a’lil icvts cf^o?, 40 y 

- lilllctv, cost ol J'lOiludU^, 491 

— #'1,4874X17 • 

-USOV, 401. • ^ ^ > 

Ore, chrome, piKc of, 35. , 

Ore. iron. 6. • 

- anal)'* Jof, j, 8. • 

- 1.0vt of, 7, t), « • 

dc|i"<iils of, 6 ^ 

-prico^of, «j . ^ 

- pru cs of Aiik IK .oi, 9. 

- ... .. (icrinaii. 9. , 

* Sp.tni'li, <) • 

— - — Swcrll^, ^ 

- • r#cr' • ohwoi |.|, 7. * 

- uses of, 10 * * 

)icM of iron, 7 

OrCi inolybdt 11UIU, ^n•l)'<so!, pi 
--- titaimmi, 47. 

- ti^gsU-n, an.i!v-< "f, 46 

— —- van.idiimi, .» > dvx ^ u'd 'i« ■■itv, j? 

Osborn, S. A Co., Ltd., ih.k ' 

75 v 91 - 

Output, ofthronutf in woi!<}. 20 ^ 

— - - toal in,^mc% 1, 34- * 

-cok'* in Amt-rua, 34. • 

fluorspar, 32. 

^-natur.il gas, 39. 

—- ore,’ jiig^ron, .uid^si« «l, 10. 

-steel in (Jcrmari), 159 

^—.Greixt Bril on, 150 % 

-- U.S.A., 

•-sled ingots wwi.l, I * 

• Oxidation, cV'cltlc fmn.n. 4 *^’. • 

_— heat of, 131. • 

_ rrUe of, Bcs.sem<'r coincrtrr. 121, 122 

206, 249. 

--O.'ILJ’urna*', 260, 264. 

__Talbot furnace, 3^. 
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4*9. AY* , . • 

t.o'is, It. ..vrnn r contrricr*-, 177, < 9 /? 
217, 2^1, 2^. 

f.arior. elriiru. funii<*'», 434 
for raiiiig gas py*diir^rs, 34I, 544 »* 
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Parairon e!t«tric furnace, 436. ^ , n 

Parks and Dejfel. water-cooWd p^n, y^. Pres'jes, *#ap buntiimg, 302. ^ 
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Prices, Cftal m Anjorica, 3^, 

- coke in America, 34. 

—- crucibles, 77, 107. 

— electee power, 40. 

- ek'ilrodcs, 29. 
fi rro-r^loys, 50. 

-ftiiursmr, 31. 

• - - iion’OTC'^, 

Imv, 3 '* 

^-hmt'Slone, 30. 

-^lu^uid fuel, 37, 386. 

— - m.ienesile, 23. 

- - naftral gas 39. 

-pig iion, ^ 

-Ji'ictna'ion of, 17. , 

-rcfraelory ni.)i< rialf2i. 

Processes "f sUi Vinanufa' tur 

— —• Jk-ssenu r, 3, • lb- 

^-crncilile, 2, 51. 

-• ()])cn-lu-arlli, 4, 258. 

-eieclnc, 4, 418. 

Producer gas.'-nuiiysis of, 330, 334, 339, 
34 i< 3 M 4 t* 31 ^- , 

Producers, gas. See (»<;///ia/'//,, 7 r. ^ 

Pr^UCtiOn of pig^foii ami sUd m wur''!. 

lli * 

Pszczolka-Daelen ba^jic protesb, 2G6. 
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Radcllffe furnace, 280. 

Radford, R. H., rcgiuieralivc criiciMe fur- 
n.u e. ()2. 

Radio .rv.< :iblc furna<'(', 84. 

Rails. He'-sctiKr cost of ]>ro<Uicing, 401 

Raw materials, 4. ' 

Reactions ni Hisseuxr converters n8. 

• it\ electric furincC', 466. 

-in C).-H. furnucs, 261. 

-in Talbot funaues, 305* 

'Refining blcel m elcLtnc furnar(S, cost of, 
431. 44 b 45 b 4 fif. iblo 
Refv’acjoriness of fiieday buck, iiiiiK of, 
■k). 

Refractory material, 17. ^ 

--—- ol>jcclionablc suljslances in fnecia)';, 

19. 

--clamlanlisine, 27. 

Regen\!ratO”S, O.-II. furnace,* eajucily, 
2/12. 

- -chequeruork in, 293. * 

tb* gn, 2yi. ' ' <> 

- r-.lative nteas, 292. t 

- - - l^iUot furnaces 39-. • 

Rehn\ann gas producer, 345 - 
Resistance fum.ices electnc,. 162. ' 
Richards,, A. ‘iV., on baste Ik-s^eincr prac- 
luc, 190 ' ♦ 

.. I moibficMtion, basic ne''''enicr process, 
12S. ' 

RtchaVds, Prot I. W., Cn licnt of Besse¬ 
mer proco'.s, 130. 

Riley, J., «se of iKjuid fueU in regenerative 
furnaces, 37. 

Robert conv.Tten 138. 

Robinson and Pope’s o.-H. bimacc port, 
279 -' 


R^hllng’-RodSnhauseP electric famoce, 

-char^for, 430. 

-•-c.,st of, 4J0, 4 ii. /' 

- -operation of, 429. i 

- -,— working costs»430, 43ir 

RochuSSen,^.,^iltin^ crucible furnattf 57. 
Rodgers’ <loublc < 9 .-U. furnace hearth, 283. 
Roftrs, O.H furnaces, 294. 

--movaliio, 279. 

— »— . — walef*co()kvl, 276. 

hoots’ blowers, 193,-199. 

Rotating furna#e, I ucnoi’s, 275. ^ 

- Siemens', 273. • 

• --wall air blas^275. * 

Russia. Oi^put of Ingres I. . , , 

- — production of pig iron and steel, I'l. 
Ruthenburg electric fumade, 444. 

- - -- -e operalioAof, 444. 

-working^osls, 445. 


8 


S^hleblei', Prof. C., modifiralion, basic 

Iksseiiu r process, 127. 

- on list' i)f lime, Ix'iic convcitcrs, 109. 
schild, • cvei'ing \alvc, 312. 

SchmWt and D^-^graz, O.-H furnaces, 259. 
Scrap Imndiing, 3O2; 

- - - sk'cl, O.-H. turnacc ch.arge,'400. 

Mirfa*ce-blo\tn converter charge, 
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Scullin Gayagher hon and •r>tcci Co., 

convetler plant at, 214. 

S^tebohni, on US'“S of crucible steel, III. 

Self hardening Steel. Sec 'iwrsufi. 
Senelle Maul^ouge bicc^u^orks, blowing 

< ngiMC at, ly 1. ^ • 

S F. H. g.^ protiucer, 346' 

Shanking sled from converters, 214. 
Sheftield, llucUiUions'of wages at, 50O. 
Siemens, C. W., gas-fued ciucible furnace, 

-ekclric furnaces, 418. 

-, F., regenerative crucible furnace, 56, 

.—- furnace, “ new-form ” O.-H., 376. 

- gas^fircd ciuciblc furnaces, 65, 88, 92. 

-gas pVoduccr, 326, 3343 ♦ 

-O.-H. furnaces, 272-274, 275, 281. 28*;. 

-icversing valve, 310. 

SillC^. bricks, aiulyscs of, 20 

--expansion ai^d contraaion ol 

-and blocks. Cost of, 21 . 

-ceme'h, cost of,^l. 

-- pure, meUing poikt of, 19* 

suicide, cajciuni, .-^alysi^of, 49. 
t SlilclOTiS mateiials, 1^. *' 

Slllco-Uluralntum, ferro, 44. 

-cakium-ali('ninium, analysis of, 4.4. 

-manganese, analysis of, 45. 

-spiegel, analysis^^>l, 43 ' 

oilicon-chrom’um, analysis of, 49. 
silicon, 9liininatv'>n in mixers, 324. 

-— ferro, 43, 44. , 

icmoOl in basiciJcssemer process, 125. 

- Slag. basic, analyses of, 190, ifx). 

.r—-vaftie of, 180, i8i» 189. 
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Slag, ppckdlfc O.-H. turnJ«^^, • Steclw^nis. v> 

-reaction, \ 1'., ^ n 1 -i.. ^'.c . 

Smerllog. Carl,.-^i ^ \. ;s> 

furnacN, 5S, ia4.»« , • I '• ', '>1 ■, '■ 

Sodmm.’fcrto, 4<i, , •' Stock conviTtei-. u' 

9pldlV out)ml %1 t-U c I iii^; i', I • • ' ^ 

—^nHluciion of ]nj^ii>'iifciiil*'' in '] ■ -M''- 

Spectflcalions i"r ni.,! . t^;;:,*n. ‘ -w =*. 
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- O.-II. skoK, 403. 
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2S6. 
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-seDtiu; pi^kc ol, J 3 
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Tool Steel, analyses of, III, ii2, 113, 114. 

--carbon and hijh-spced, 106. 

- charges, composition of, 108, 109, 472 « 

-comparisons of cost of carl)on and high* 

s^ed, 109, 484. % 

-cost 0^manufacture, 106. ' 

-US^^ 1 ( 0 , III 

^OOlS useant crucible furnace, 76. , 

Triplex process, 414* 
fTropenas converter, 139/ • 

- —,-“ buliy,” converter,, 2 y}. * # 

#-f* hl^wingtangle, 139. ^ 

- ' drop*i)ottom, 140.^ • 

Truck lor rem(r/ing convener Ivottoms, lC8. 

Trunnloif'bewibgs for^converters, 147. ' 

Tungsten nickel, an;ny-is of, 49. 

-ores, an.ilyscs'bf, 46. 

Turbo blowing engine, 175. » 

'ifc^re blocks, for coiueneiv, 153. 
Tuyeres for conveners, 147. 

Union steel (i-.s.v», 

Unfied Kingdom, c"al 34. ‘ 

—- cost of cf»nimO(iiiH'S in, 507* 

~ - cost of If mg if, 506. 

- - output of mgot'v, I. 

prodiiciion of pig non and steel, il. 

- — wages in, 505* 5 *^'’ 

U.S.A., nosseiiior pralice. See Ht^semo 

}*! OCfSS. 

-coal production, 34. 

-cost f'f prtiducm.g Bessemer pig iron, 16. 

. nnpoils of fliiorsp.ir, 31. # 

-output of mgols, 1. 

- output of ore, pig iron .md steel, 10. 

- — output of steel, 156. , 

- - production of pig iron and sletl, 11. 

.wages m, 505, 508. 

Uses of. Bessemer steel i.isimgs, 2^3. 

- - c0.1l, 34. ^ *' 

- - cruy'd)!e steel, 110. 

- electnc steel, 472. 

-irop (lies, 10. r 

^ -- ni.ignesite, 24- 

-O.-H. steel, 402, 403. 

' lo^d steel, no, in* 
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)l.inls flo, 3S6. 
furnace,; 39S. ^ 


Valves. coirvr'.ler, 149,,^199. ' 

_non-rclurn .mil relrcf, converlei, 1 ( 9 , 

l</ 3 . 199. ' 

__O-H. turn,ices, arranyeinerit nl, 310. 

(Utueltsiotrs of, 295 

-- r - upes of 

' lll.iit, 3>5 
Uyhlic, 3:5. 

^'rsclier, 315. 

Ivirlrham, 310. 

Wushtfom, 3ro, 

Schild, 312.'‘ 

Siemens, 310. 


[jQlWn, lerro, , 

\ -p —f.te, ana\sis of,' 
^ ^— dej^rsi,,; of. 


' **•'«. 

Wa^es and Cost of living, 506. 

Wages, baoc Bessemer process, 179. 

-jiniisb, 504. V 

—— crucible funuce, jS. 

, -electric furnaeg, • 

' ‘lluctualion 017505. 

--Germany, 504. 

on n.*ll plai 

-on TaKiol fun . , 

; --steel workeis’, 504. 

■ -U.S.A. and Canady 5^8. 

Walrand c.i^verier, 13T 
i Water-cooled, doors furnaces, 306. 

1 - electrodes, cdectnc tirrAccs, 451*^ 

f -frames, O -il- furnaces, 306. 

U.-II. furn.ices|2Ql 

Water g^^s. 353 - / 

'— it.xiion to crucible fuinaccs.oo.^ 

- V/edding. on ilural^^m of cor.veriest-dow, 

ci;o. 

_liiye IIS^, basic Bessemer process, I90. 

I _iuimber»of* hecf.s, convener bottoms, 

178. ^ * * 

Weighing, capola qiet.iT for converters, 

4 1V 

' -- raw mi^rials for <’upolas, 203^ 

. —steel frcmi converters, 214. 

Wellman 0 .*H. Ultmg furnaces, 284, 285. 
Whiting cuii'^a cliargirr;; m.ichiaes, 144, 

Wilson i»n'uccr, 335. ♦ » 

Wind cliest, couvtrreis, i<5, I 4 ». 'o 9 - 
Wltherow ooiivittcr, 137. 

Wltkowltz, basic B<->?emvr charges, lao. 

-duplev pioccs', 26O. 

. Wltthoirt cormr'.c], 136. , 

1 WOOtZ sled, 54. 

World's coal production, 33. 

• — output of chromite, 20. 

I output of steel ingots, I. 

-prt>fii»-tK)n of petrol, 3^' , ^ 

- - production of pig iron and steel, II. 

- - reserves of iron ores, 7. * 

Wust and Laval» on chaiges, Bessc^i^ 
pro^es^, 192. . • 

- litMt measurement, Bessemer process, 

I2<y; “ 
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Yield iron ore, /. ^ tt c a 

Youngstown ^hool & Tube Co.,,JJ.S.A 

15S 159 - . 
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r. 6 nzeS surface-blow i^ osnverter, 33^. 


•RiatlD IN 0«h*T Sall.lN BV W IL.IAU V 0*“ 










